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HE ‘Experiments which gave rife to 

the following explanation of Animal 
Heat and Combutftion, were made at Glafgow 
in the fummer of the year 1777. They were 
communicated, in the autumn of that year, 
to Dr. Reid, Mr. Wilfon, and Dr. Irvine. 
In the beginning of the enfuing feffion, they 
were made known to many of the Profeffors 
sand Students in the Univerfity.of Edinburgh; 
and in the courfe of the winter, they were 
explained by the Author, in the Royal 
Medical Society. 

A brief account of thefe Experiments was 
laid before the public in the firft edition of 
this work, which appeared in the year 1779. 
As the trials recited in that publication 
had been made under many difadvantages, I 
foon afterwards found, upon a careful re- 
petition of them, that I had fallen into con- 
fiderable miftakes in my conclufions refpect- 
ing the quantities of heat contained in the 
permanently elaftic fluids, 

“I perceived, however, that thefe miftakes 
did not affect the explanation which I had 
3 given 
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ADVERTISEMENT. 


given of Animal Heat and Combuftion. For 
though it appeared that the excefs of the 
capacity of dephlogifticated, above that of 
fixed air, was not fo great as I had at firft 
imagined; yet, from an extenfive feries of 
experiments, which were made with the moft 
{crupulous attention to accuracy, it was 
evident that the difference of the capacities 
of thofe fluids was fuch as to afford an 
adequate explanation of the phenomena. 

I have hitherto been induced to defer the 
publication of the refult of my enquiry, that 
I might have an opportunity of giving the 
fubje@t a more thorough inveftigation, and 
of eftablifhing the leading faéts upon as folid 
a foundation as poflible. I was fenfible that 
to correct errors, is the beft method of 
apologifing for them; and that though the 
free communication of difcoveries is effential 
to the progrefs. of knowledge, yet it is of 
much greater importance to the interefts of 
{cience, that facts fhould be well afcertained, 
than that they fhould be {peedily publithed. 

Many other caufes have concurred to re- 
tard the publication of this Work. I might 
here mention the interruptions which have 
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ADVERTISEMENT, 
arifen from want of health, from the avoca- 
tions of a profeflion that engaged a great 
fhare of my attention, and from the difficulty 
of procuring the apparatus requifite for nice 
and delicate ¢xperimentss I am perfuaded, 
however, that it is unneceffary to employ 
much time in apologifing fora delay, which 
the greater part of my Readers will probably 
rather approve than condemn. 

A general conviction now prevails, thet 
itis by the method of experiment and induc- 
tion alone, that we are permitted to interprét 
the charaéters which the Deity has impreffed » 
upon his works; and thofe who are in the 
habit of cultivating natural knowledge, well 
know that this method of fearching into 
truth, neceffarily requires much labour and 
patient inveftigation. 

Though I have ufed my utmoft endeavours 
to eftablith the facts, which I now venture 
.to fubmit to the public eye, upon a folid 
foundation; yet I am far from meaning to 
infinuate that they are free from error. In 
an attempt to determine the relation which 
takes place between fuch fubtile principles 
as air and fire, we can-only hope for an ap- 
proximation to the truth, * 
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I believe, however, that no confiderable 
miftakes will now be found, in the experi- 
ments recited in the following pages; and 
it is hoped that the candour of the public 
ewill afcribe the errors that may ftill remain, 
to thofe imperfections in the fenfes and in 
thermometers, which make it difficult to 
eftimate, with precifion, minute differences, 
and which mutt ever prevent us from arriv- 


ing at perfect accuracy. 
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| HE words beat and fre are ambigu- 

ous. Heat, in common language, has 

a double fignification. It is ufed indifcrimi- 

nately to exprefs a fenfation of the mind, 

and an unknown principle, whether we call 

It a guality or a fubjtance, which is the ex- 
citing caufe of that fenfation *. 

_ Philofophers, who have applied themfelves 
to this fubject in modern times, have ge- 
nerally appropriated the word heat to the 
unknown principle ; and in the language of 
* See Dr. Reid’s Inquiry into the Human Mind, p. 78. 

7 : 2 4B {cience, 


2 EXPERIMENTS AND OBSERVATIONS 


fcience, its fignification, as applied to that 
principle, is much more extenfive than in 
common language. For, in common lan- 
guage, it exprefles fuch a degree of the un- 
known external caufe, as will produce a 
given effect upon the fenfes ; but in the phi- 
lofophical acceptation, it has been ufed to 
exprefs the external caufe in the abftract, 
without regard to the peculiar effects which 
it may produce. For the fake of greater 
precifion, in the following treatife, 1 fhall, 
with the ingenious Dr. Irvine of Glafgow, 
call the latter ab/olute heat, and the external 
caufe confidered as having a relation to the 
effects which it produces, I fhall call re/a- 
five beat. 

From this view of the matter, it appears, 
that ab/olute heat expreffes, in the abftradc, 
that power or element, which, when it is pre- 
fent to a certain degree, excites in‘all ani- 
mals the fenfation of heat ; and relative heat 
exprefies the fame power, confidered as hav- 
ing a relation to the effects by which it is 
known and meafured. 


The effects by which heat is known and 
meafured are three, and therefore relative 


heat may admit of three fubdivifions. 
i ft, 
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ift, This principle is known by the pecu- 
liar fenfations which it excites in animals.— 


Confidered as exciting thofe fenfations, it is / 


called fenfible heat. 


2dly, “Tt is known by the effect which it 


produces upon an inftrument that has been 
employed to meafure it, termed a thermo- 
meter. This is called the temperature of 

heat in bodies. | 
3dly, It has been found by experiment 
that in bodies of different kinds, the quan- 
tities of abfolute heat may be unequal, 
though the temperatures and weights be the 
fame. Thus it will appear from the experi- 
ments recited in the following pages, that if 
a pound of water and a pound of diapho- 
retic antimony have a common tempera- 
ture, the quantity of abfolute heat con- 
tained in the former, is nearly four times 
that contained in the latter. When the 
‘principle of heat is confidered relatively to 
the whole quantity of it contained in bodies 
‘that are of different kinds, but which have 
equal weights and temperatures, I fhali 
term it comparative heat. If, for example, 
the temperatures and weights being the fame, 
the whole quantity of heat in water be four 
B 2 times 
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times as great as that in antimony, the com- 
_ parative heats of thefe fubftances are faid to 
_be to each other as four to one. 

Senfible heat is meafured by the intenfe- 
nefs of the fenfation which it excites. Tem- 
perature, by the expanfion of the fluid in 
_ the thermometer: and comparative heat 1s 
meafured by the alterations of temperature, 
which equal quantities of abfolute heat pro- 
duce in bodies that have equal weights. 

Thus we fay that two bodies have the fame 
fenfible heat, when the organ of feeling is 
equally affected by them; and that the fame 
body has a greater or lefs degree of fenfible 
heat, according as it produces a greater or 
lefs effect upon that organ. 

In like manner bodies are faid to have the 


fame temperature, when they produce equal 
expanfions in the thermometer, and the fame 
_ body is faid to have a higher or lower tempe- 
_Yature, according as a greater or lefs expan- 
fion 1s produced by it in that inftrument. 

_ It will hereafter appear, that the compara- 
tive heats of bodies which have equal weights 
and temperatures, are greater or lefs, in pro- 
portion as lefs or greater alterations are pro- 
cuced in their temperatures by equal quan- 
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tities of abfolute heat.—Thus it is found, 
that the fame,quantity of heat which raifes a 
pound of water one degree, is fufficient to 
raife a pound of mercury 28 degrees, From 
which it follows, as will be hereafter proved, 
that the comparative heat of water is to that 
of mercury as 28 to one—and confequently, 
the alterations which are produced in the ~ 
temperatures of bodies, by given quantities of 
-abfolute heat,may properly be appliedas amea- | : 
~-fure of their comparative heats; the alterations 4 
of temperature and the comparative heats : 
being reciprocally proportional to each other. | | 
Senfible heat depends partly upon the | 4067+ Fe 
temperature, and partly upon the ftate of ¢, SEE. 4 
| ie a qa and, therefore, if | ve Lo. plas 
ra} produced in the latter, the fen- yl MS whole: 
fible heat will be different, though the tem- ., - 
perature continue the fame. ‘Thus water at 
the temperature of 62 degrees of Farhenheit, | 
appears cold to a warm hand immerfed in it 5 te a 
‘but on the contrary, that fluid will appear oes VY MS HE 
warm, if a hand be applied to it which has” a 
a lower degree of heat than 62. For ree 
reafon the thermometer is a much more ac- “~~ 
curate meafure of heat than the fenfes of 
animals. As long however as the orgaris 
Be remain 
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remain unchanged, the fenfible heat is in 
LS 4 Jovy gercipPFopor tion to the temperature, And, there- 
pit /uec#in, fore, thefe terms have generally been confider- 
Ad Juep< ernved as nearly fynonymous. It has been ob- 
sti... ~A-t ferved, by my learned friend Dr. Reid, na 
fesse reeves very accurate communication, with which 
Kk Japon’ he favoured me on this fubjeét, that “ until 
; the ratio between one temperature and ano- 
ther be afcertained by experiment and in- 
duction, we: ought to confider temperature 
as a meafure which admits of degrees, but 
not of ratios: and confequently ought not 
to conclude, that the temperature of one 
body is double or triple to that of another, 
unlefs the ratio of different temperatures 
were determined. Nor ought we to ufe the 
expreffions of a double or triple temperature, 
thefe being expreflions which can. convey no 
diftinét meaning, until the ratio of different 
temperatures be determined.” Ey not at- 
tending to thefe circumitances, philofophers 
have been led into miftakes, in. their calcu- 
Jations refpecting the heat of comets at cer- 
tain diftances from the fun. 


— 


When we examine the comparative quan- 


tities of heat in different bodies, we may 
confider them either as naa equal weights 


and 


upon AnimMaL Heat, &c. ” 


and temperatures, or equal magnitudes and \ 
temperatures ; and the refults of thefe com- a4 
parifons will be different, in proportion to | 
the differences of the fpecific gravities of 
the fubftances compared. Thus it will be 
found, that the comparative heat of water, 
is to that of an equal volume of mercury, 
nearly as two to one; but in equal weights 
of thefe fubftances, the comparative heats 
are nearly as 28 to one, In the following en 
treatife the comparative eve have been Cal- 2 csssstiphenbecmelil 
culated from equal weights of the fubftances 2 
compared ; this method appearing to be lefs 
liable to objection than the calculations from 
equal magnitudes, becaufe the latter requires 
a more perfect knowledge of {pecific gravi- 
ties than has hitherto been attained. , : 
It is proper to add, that as equal weights 2 ee 
of heterogeneous fubftances are found to She ie ih : 
contain unequal quantities of abfolute heat, J, , iA 
there muft be certain effential differences in ” Ss LF Se a 
the nature of bodies; in confequence of ’ Cee ae ‘ 
which, feme have the power of collecting “* 
and retaining that element in greater quan“? Z 
tity than others. Thefe different powers” FR 
are called in the following pages the capaci-"" } Kg 
ties of bodies for containing heat: thus : Fe 2 #7 “ff Te és 
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we find, by experiment, that a pound of 
water contains four times as much abfolute: 
heat as a pound of diaphoretic antimony 
when at the fame temperature, the capacity. 
of water for containing heat is faid to be to 
that of antimony as four to one. 

The temperature, the capacity for con- 
taining heat, and the abfolute heat contain- 
ed, may be diftinguifhed from each other in 


~, the following manner. 


The capacity for containing heat, and the 
abfolute heat contained, are diftinguifhed as 
a force from the fubje@&t upon which it ope- 
rates. When we fpeak of the capacity, we 
mean a powel inherent in the heated body ; 
when we fpeak of the abfolute heat, we 


tor hne mean an unknown princip] cwhich 1 1s-netain= 
rh ed in the porly by the operation of this 


power; and when we {peak of the tempera-. 
ture, we confider the unknown principle as 
producing certain effects upon the thermo- 


“jeter: 


The capacity for containing heat may con- 


‘tinue unchanged, while the abfolute heat is 


varied without end. If a pound se ice, for 


example, be fuppofed to retain its folid form, 
“the quantity of its abfolute heat will be al- 


tered 


upon ANIMAL Heat, &c. 9 


tered by every increafe or diminution of its 
fenfible heat: but it will hereafter be proved, 
that as long as its form continues the fame, 
Its capacity for receiving heat is not af- 
fected by an alteration of temperature, and 
would remain unchanged, though the body 

were wholly deprived of its heat. 
it was before obferved, that the changes 
which are produced in the temperatures of 
different bodies, by equal quantities of ab- 
folute heat, are greater or J/efs according as 
the body to which the heat is applied has a 
lefs or a greater capacity for containing heat. 
The body, therefore, which has the lefs ca- 
pacity for containing heat, has its tempera- 
ture more augmented by the addition of a 
given quantity of abfolute heat, than that 
which has the greater. Hence the tempera- 
‘ture of a body depends partly upon the 
quantity of its abfolute heat, and partly 
upon the nature of the body in which this 
heat is contained; and, confequently, the 
temperature may be varied either by a change 
in the nature of the body itfelf, or by a change 
in the quantity of its abfolute heat. If the 
variation of temperature arifes from the firft 
of thefe circumftances, it follows, that in 
| the 
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the fame body the temperature may vary, 
though the abfolute heat continues the fame. 
If, for example, a body of a given weight 
be fuppofed to have a capacity as one, a 
quantity of abfolute heat as 10, and a tem- 
perature which computed from the point of 
total privation is alfo as 10; and if the capa- 
city of the body be conceived to be fuddenly 
doubled, the fame quantity of abfolute heat 
which formerly raifed it to the temperature 
of 10, will now be fufficient to raife it only 
to the temperature of five. This will after- 
wards more clearly appear, from the experi- 
ments and obfervations on fixed and atmo- 
f{pherical air, venous and arterial blood *. 

The following proportions obtain, with 
refpect to the capacities, the temperatures, 
and the quantities of abfolute heat. 

The capacities of bodies for receiving 
heat, are confidered as proportional to the 
_ quantities of abfolute heat which they con- 
tain, when the quantities of matter are 
equal, and the temperatures are the fame. 
Calling therefore the temperature T, the ca- 


* It is proper to obferve, that the general fact refpect- 
ing the influence of a change of capacity upon the tem- 
perature of bodies, was firft difcovered by Dr, Irvine. 


pacity 
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pacity. C, and the abfolute heat A, if the 
quantities of matter and the temperatures be 
given, the capacities will be as the abfolute 
heats—or if T be given, A will be as C. 
Again, in the fame body, if the capacity be 
given, the quantity of abfolute heat will be 
in proportion to the temperature, computed 
from the point of total privation, and mea- 
fured by a thermometer, the expanfions of 
which are proportional to the increments of 
heat. That is, if C be given, A will be as 
T.—Since, therefore, if T be given, A will 
_beas C, and if C be given, A will be as T ; it 
follows, that if neither be given, A will be 
as TxC. Therefore C will be be as us and 
if A be given, € will be reciprocally as 
T. Confequently, if the capacities be re- 
-ciprocally as the temperatures, the quantities 
of abfolute heat will be equal. Thus if the 
capacity of the calx of antimony be to that 
of the regulus, as three to one, and if the 
temperature of the former, computed from 
the point of total privation, be to that of 
the latter as one to three, the calx and re- 


gulus will contain equal quantities of abfo- 
lute heat. 


Fire, 
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Fire, in the vulgar acceptation of the. 
word, exprefles a certain degree of heat ac- 
companied with liglit; and is particularly 
applied to that heat and light which are pro- . 
duced by the inflammation of combuftible. 
bodies. But as heat, when accumulated in 
a fufficient quantity, 1s conftantly accompa- 
nied with light; or, in other words, as fire 
is always produced by the increafe of heat, 
philofophers have generally confidered thefe 
phenomena as proceeding from the fame 
caufe *; and have therefore ufed the word 
frre to exprefs that unknown principle, which, - 
when it is prefent to a certain degree, excites 
the fenfation of heat alone; but, when ac- 
cumulated to a greater degree, renders itfelf 
obvious both to the fight and touch, or pro- 
duces heat accompanied with light. | 

In this fenfe the element of fire fignifies 
the fame thing with abfolute heat. 

Thefe definitions and remarks being pre- 
mifed, I fhall proceed to give the reader a 
concife view of the general fats upon which 
the experiments recited in the following 
pages are founded. 


* Vide Boerhaave, Martine, M‘Quer, &c. 


I. Heat 
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J. Heat has a conftant tendency to diffufe 
itfelf over all bodies, till they are brought to 
the fame temperature. Thus it 1s found by 
the thermometer, that if two bodies, of dif- 

‘ferent temperatures, are mixed together or 
placed contiguous, the heat pafies from one 
to the other till their temperatures become 
equal ; and that all inanimate bodies, when 
heated and placed in a cold medium, con- 
‘tinually lofe heat, till, in procefs of time, 
they are brought to the {tate of the furround- 
ing medium. 

From this property of heat it follows, aiat 
‘the various clafles of bodies throughout the 
earth, if they were not acted upon by ex- 
ternal caufes, would at length arrive at a 

common temperature, when the heat would 

become quiefcent: in lke manner, as the 

_ waters of the ocean, if not prevented by the 

“winds, and by the attractions of the fun and 

moon, would come to an equilibrium, and 

»would remain in a ftate of reft. But as 

- caufes continually occur in nature to difturb 

the balance of heat, as well as that of the 

_ waters of the ocean, thofe elements are kept 

“in a conftant fluctuation. 


II. Heat 
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II. Heat is contained in confiderable quan- 
tities in all bodies, when at the common 
temperature of the atmofphere. 

From the interefting experiments which 
were made on cold, by my ingenious friend 
Mr. Wilfon, we learn, that at Glafgow in the 
winter of the year 1780, the thermometer 
on the furface of fnow, fank 25 degrees be- 
low the beginning of Farhenheit’s fcale. 

We are told by Dr, Pallas, that in the: 
Deferts of Siberia, during a very intenfe froft,, 
the mercury was found congealed in thermo-- 
meters expofed to the atmofphere, and ai 
quantity of that fluid, in an open bowll 
placed in a fimilar fituation, at the fame time: 
became folid. The decifive experiments which 
have been made by Mr. Hutchins at Hud-- 
fon’s Bay prove, that the freezing point off 
mercury is very nearly 40 degrees below the: 
zero of Farhenheit. From which it follows,, 
that at the time of Dr. Pallas’s obfervation,, 
the atmofphere in Siberia muft have beem 
cooled to minus 40. By a paper which hass 
been lately tranfmitted to the Royal Society 

‘we are informed, that the {pirit of wine 
thermometer in the open air, at Hudfon’ss 
Bay, during the winter 1785, fell to minuss 
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42; and from the fame communication we 
learn, that by a mixture of {now and vitriolic 
acid, the heat was fo much diminifhed, that 
the fpirit of wine fank to minus 80, which 
is 112 degrees below the freezing point of 
water. , 

Hence it is manifeft, that heat is contain- 
ed in confiderable quantities in all bodies, 
when at the common temperature of the at- 
mofphere.. It is plain, however, that the 
quantity of heat inherent in each individual 
body is limited. This I think muft be ad- 
mitted, whatever be the hypothefis which we 
adopt concerning the nature of heat, whether 
we conceive it to be a force or power belong- 
ing to bodies, or an elementary principle con- 
tainedinthem. For thofe who confider heat 
as an element, will not fuppofe that an un- 
limited quantity of it can be contained in 
a finite body—and if heat be confidered as a 
force or power, the fuppofition that finite 
bodies are actuated by forces which are infi- 
nite, is equally inadmiffible. 

To place this in another light, we know 
that bodies are univerfally expanded by heat, 
excepting in a very few inftances, which de 
not afford a juft objection to the general 
4. ) fact . 


s 
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fact ; becaufe in thofe inftances, by the action 
of heat, a fluid is extricated that previoufly 
feparated the particles from each other. 
Since, therefore, heat is found to expand 
bodies in the temperatures which fall within 
the reach of our obfervation, we may con- 
clude that the fame thing takes places in all 
temperatures. It will hereafter appear, that 
in mercury and in fome other fluids, the ex- 
panfions are proportional to the quantities of 
heat applied; from which it follows, that 
the quantities of heat in bodies are limited, 


-becaufe an infinite heat would produce an 
infinite expanfion. 


It is manifeft that the number of degrees 
of fenfible heat, as meafured by the thermo- 
meter and ef{timated from the beginning of the 
{cale, muft be the fame in all bodies which 
have acommon temperature. For by the firft 


general fact it is proved, that heat has a con- ~. 


{tant tendency to diffufe itfelf uniformly over 
bodies, till their temperatures become equal. 
From which it may be inferred, that. if a 
quantity of heat were added to bodies abfo- 
lutely cold, the fame uniform diffufion would 


_ take place ; and that if a thermometer, alto- 


gether 
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gether deprived of its heat, were applied to 
fuch bodies, it would be equally expanded 
by them, the whole of the fenfible heat 
which they had acquired being indicated by 
that expanfion. — 

III. If the parts of the fame ochigelnaake 
fubftance have a common temperature, the 
quantity of abfolute heat will be proportional 
to the bulk or quantity of matter. Thus 
the quantity of abfolute heat, in two pounds 
of water, is double that which is contained 
in one pound, when at the fame temperature. 

This, I think, is evident, from the fimilarity 
in the particles of the fame homogeneous, 
folid and fluid fubftances. For the particles 
being fimilar, their powers will be equal, 
and their capacities for receiving heat will be 
the fame; and, therefore, the quantities of 
abfolute heat which they contain will be pro- 
portional to the bulk or quantity of matter. 

The truth of the general fact, that bodies 
of the fame kind, having equal temperatures, 
contain quantities of heat proportional to 
their bulk, is not only manifeft from the 

fimplicity of the operations of nature, but 
may moreover be confirmed by an induction 
from the experiments recited in the follow- 


re ing 
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ing work; as the intelligent reader will 
readily perceive. 

IV. The dilatations and contractions of 
the fluid in the mercurial thermometer, are 
nearly proportional to the quantities of ab- 
folute heat, which are communicated to the 
fame homogeneous bodies, or feparated from 
them, as long as they retain the fame form. 
Thus the quantity of heat required to raife 
a body four degrees in temperature, by the 
mercurial thermometer, is nearly double that 
which is required to raife it two degrees, 
four times of that required to raife 1t one de- 
gree, and fo in proportion. 

Ehe proportions which obtain between 
the increments of heat in the fame homoge- 
neous bodies, and the expanfions of the va- 
-rious fiuids that have generally been employ- 
ed in thermometers, were firft inveftigated 
by Mr. De Luc. It was Jaid down as a 
principle by this ingenious philofopher, that 
if equal quantities of hot and cold water be 
mixed together, the difference of heat will 
be equally divided between them. From 
which it was concluded, that a thermometer 
being immerfed in the hot water, and alfo 
in the cold, previoufly to the mixture, if its 

J expanfions 


® 
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expanfions were in proportion to the quan- 
tities of heat applied, it would point, after 
the mixture, to the arithmetical mean, or to 
half the difference of the feparate heats, added 
to the lefs or fubtraéted from the greater. 
Proceeding upon this principle, he found 
that when a given quantity of water at 45.5 
of Farhenheit, was mixed with an equal quan- 
tity of the fame fluid at 200.75, the mercu- 
rial thermometer immerfed in the mixture 
indicated fomewhat lefs than the arithmetical 
mean, the deviation being not more than 
two degrees below that point. ‘This experi- 
ment was repeated at different temperatures 
with a fimilar refult. Frora which he in- 
ferred, that the mercurial thermometer is 
nearly an accurate meafure of heat. 

As Mr. De Luc’s experiments, with the 
conclufions deduced from them, conftitute a 
fundamental part of the doctrine of heat, I 
have repeated them with as much attention 
as poflible. 

The thermometers which I employed were 
mercurial, and had each degree of Farhenheit 
divided into ten equal parts, being reduced 
to a common fcale, by comparing them with 
a very accurate {tandard. 

C4 ExPERI- 
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EXPERIMENT I. 


The air 1n the room being 61.5, a quan- 
tity of water weighing thirteen. pounds ten 
ounces and an half, was heated in a flight tin- 
ned iron veffel that hadacover of the fame metal 
clofely adapted to it, a thermometer being 
inferted in the center of the cover by means 
of acork. When the water was raifed to 
the defired temperature, it was gently agi- 
tated, that every part of it might be brought 
to the fame heat, the thermometer immerfed 
in it pomnting precifely to 120.6. An equal 
quantity of cold water, the parts of which 
were alfo brought by agitation to a common 
temperature, was mixed with the warm, by 
pouring it into the tinned veffel in which 
the latter was contained. 

When the mixture was reduced by agi- 
tating it with a wooden rod to a mean heat, 
its temperature, at the end of one minute, was 
89.8—at the end of fix minutes, the agita- 
tion being continued, it was found to be 
89.4. . Allowing therefore .066 for the heat 
loft in the firft minute, we have 89.866 for 
the true temperature of the mixture. If 


the 3 
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the thermometer, at the moment of immer- - 


fion, had indicated the exaét arithmetical 
mean, it would have ftood at 89.8. 

This experiment was repeated with the 
following refult. | 


EXPERIMENT If, 


The air in the room being 62, twelve 
pounds of water at 59.9 were mixed as before 
with an equal quantity of the fame fluid at 
119.8. The temperature of the mixture, 
reduced by agitation ta a mean heat, was 
89.8 at the end of one minute. 

An agitation as nearly equal as poffible 
being continued, the temperature at the end 
_ of five minutes was found to be 89.4. Al- 

lowing therefore .o8 for the heat loft in the 
firft minute, we have 89.88 for the true 
temperature of the mixture. The exact 
arithmetical mean in this experiment was 


89.85. 
EXPERIMENT IIT. 


The air in the room being 59, twelve 
pounds of water at 56.1 were mixed as be- 
fore with an equal quantity of water at 

U3 1.20.2.8; 
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156.25. The mean temperature of the mix- 
ture at the end of 

1 Minute was 106.1 

5 Min. —— 105.3 
Allowing therefore .16 for the heat loft in 
the firft minute, we have 106.26 for the true 
temperature. 

In this experiment, which was repeated 
twice with the utmoft care, and with very 
nearly a fimilar refult, the arithmetical mean 
between the feparate heats was 106.2. 

It appears, therefore, that in the three pre- 
ceding trials, the true temperature was a little 
greater than the arithmetical mean. As in 
thefe trials the mixture was made in a warm 
vefiel, it is manifeft, that the deviation from 
the arithmetical mean is partly to be at- 
tributed to the heat received from the veftel. 

The heat imparted by the veffel was de- 
termined by the experiment which follows. 

The air in the room being 62, and the 
veffel being raifed to 136, twelve pounds 
avoirdupois. of water at 61.9 were poured 
into it. The water being agitated, its tem- 
perature in 

1 Minute was 62.7 
5 Min. —— 62.8 
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_ The tinned veffel was heated by including 
‘it in a fimilar veffel made of copper, the 
fize of which was fuch that the furfaces of 
the veflels were nearly in contact with each 
other. Thus circumftanced, they were placed 
in a large tub, and were furrounded with 
water at 136; the accefs of the external 
air being excluded by a broad pan which 
- covered them, and which contained water 
nearly of the fame temperature. By this 
contrivance the tinned veflel was entirely fur- 
rounded with warm water, and received from 
it an uniform heat, without being in contact 
with it. | 
It appears from the experiment, that the 
veflel was cooled by the water 73 degrees 
and .2; and that the water was heated .9 of 
. adegree. And fince the water received this 
heat from the vefiel, it 1s manifeft, that the 
fame quantity of heat which changes the 
temperature of twelve pounds of water .9 of 
a degree, will change the temperature of the 
veflel 73 degrees and. And by a parity 
of reafoning, the fame heat which raifes the 
water one degree, will raife the veffel 81.4. 
If therefore, in any experiment, we find that 
81 degrees and +s of heat have been feparated 
| C4 from 
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from the veffel by twelve pounds of water, 
we may conclude, that this heat has raifed 
the water one degree. Hence the heat com- 
municated by the veflel in the preceding ex- 
periments may be determined. ‘Thus in the 
third experiment the heat of the warm wa- 
ter and of the veffel was 156.25; the true 
temperature of the mixture was 106.26. 
The temperature of the veffel was therefore 
funk by the cold water 49.99. The increafe 
which was produced in the temperature of 
the cold water by this heat may be deter- 
mined by the following proportion. If 81.4 
give 1, what will 49.99 give? By which it 
appears, that the water in the experiment in 
queftion received from the veflel .61 of a 
degree of heat. Subtracting this from 106.26, 
which was the true temperature of the mix- 
ture, we have 105.65 for the temperature 
which would have been indicated by the 


thermometer, 1f no heat had been received 


from the veffel. The deviation from the 
arithmetical mean in this experiment was 
therefore .55. 

In Experiment I. the veffel was cooled 
30-734. To difcover how much heat the 
cold water received from the veffel, fay, if 


81.4 
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81.4 give 1, what will 30.734 give? Hence 
the heat imparted by the veflel was .377, 
_ which fubtratted from the true temperature 

89.866, gives 89.489 for the temperature, 
which would have been indicated by the 
thermometer if no heat had been received 
from the veflel. 

In Experiment II. from a Gentle calcula- 
tion it appears, that if heat had not been 
communicated by the vefiel, the temperature 
indicated by the thermometer would have 
been 89.513. Hence in the former experi- 
ment the deviation from the arithmetical mean 
was .311; 1n the latter it was .337. 


EXPERIMENT IV. 


Air in the room - S4ly 
Eight pounds of water at Stag 
Mixed with an equal quantity 


of water at - - 81.9 
Temperature of the mixture 

in I min. - - 67.1 plus 
Three minutes de 67.1 
The arithmetical mean in this 

experiment was - 67.15 


In Experiment I. page 20, the quantity 
of water was twelve pounds, and in that 
7 experi- 
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experiment the heat received from the vefle] 
was .61. . 

To find how much would have been re- 
ceived, if the quantity of water had been only 
Sib. fay, as 12 to .61, fo inverfely is 8 to 
a fourth proportional, which gives .gr for 
the heat, which the veflel would have im- 
parted to 81b. of water. 

But in the former experiment the veffel 
was cooled by the water very nearly 50 de- 
grees. In this experiment it was cooled 
nearly 15, fay, as 50 to 15, ::.91 toa 
fourth, which gives .27 for the heat received 
from the vefiel. 

The true temperature was 67.15, which 
was alfo the exact arithmetical mean. Hence 
the deviation from the arithmetical mean 


was .27. 


EXPERIMENT VY. 


Eight pounds of water - 98.8 
Mixed with 161b. of ditto - 64.6 
The mixture in one min, - 69.1 plus 


prope LIVE seer hare ples 

When the mixture is faid to be 69.1 plus, 
the meaning 1s, that the excefs of its tem- 
. perature 
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chew 


‘perature above 69 1s a little more than x. 
In which cafe it may be fuppofed to be +, : 
plus 2c, andthe temperature, as indicated by 
the thermometer, will then be 69.15. Allow- 
ing +> of a degree for the heat loft in the firft 
minute, we have 69.17 for the true tempera- 
ture. 

_ From the original heat of the velfel 98.8 


Take the true temperature - ° 69.17 


We have - - 29.63 

for the heat feparated from the veffel. | 
To difcover how much the temperature of 
the cold water was increafed by this heat, fay 
as 81.4 to 1, fo is 29.63 toa fourth, which 
gives .36 for the heat, which would have 
been communicated by the veffel to twelve 
pounds of water.—But the quantity of water 
was 16 pounds, therefore fay as 12 to.36, 
-fo inverfely is 16 to a fourth—Whence it 
_appears, that the heat imparted to the water 
’ by the veffel was .27, which, fubtracted from 
: the true temperature, gives 68.9 for the 
‘temperature, which would have been indi- 
cated by the thermometer if no heat had been 

received from the veffel. 

_ The difference between the temperatures 
3 of the warm and cold water was 44.2. The 
quantity 
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quantity of cold water was to that of warm 
water as 2 to 1, dividing the difference of 
temperature into three equal parts, if the 
capacity of water were permanent, and the 
mercurial thermometer an accurate meafure 
of heat, the warm water fhould have been 
cooled two of thefe parts, and the cold water 
heated one. Hence the temperature of the 
mixture fhould have been 69.3. 

It was before fhewn, that if no heat had 
been received from the veffel, the tempera- 
ture indicated by the thermometer would 
have been 68.9. 


EXPERIMENT Viz 


Fight pounds of water at - 120.8 
Mixed with fixteen pounds of 

ditto at - ~ 51.8 
Temperature of the mixture as 


In this experiment, the heat imparted by the 
veflel was .42 of a degree. We have there- 
fore 74.58 for the temperature, which would 
have been indicated if no heat had been te-5 
ceived from. the veflel. 
The temperature, by calculation, is 74.8, 
Hence, when equal quantities of warm and 
cold 
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cold water are mixed together, the mercurial 
thermometer is found in all cafes to indi- 
cate very nearly the arithmetical mean. And, 
moreover, when the warm and cold wa- 
ter are mixed in different proportions, the 
refults correfpond very nearly with the tem- 
peratures, as determined by calculation. 

‘I next endeavoured to difcover, by fimilar 
experiments, whether the fame law obtains 
when equal quantities of linfeed oil are mix- 
ed together at different temperatures. 


EXPERIMENT. VII, 


Air in the room ~ 56 
Ten pounds of linfeed oll at - 145 
Mixed with an equal quantity of 
--- Jinfeed oil at = gest 
The mixture in one minute was 101.7 
two IO1.§ 

———_--+-—-— three 101.3 

— four ——— IOI. 

———— five 100.9 | 


In this experiment great attention was re- 
quired, in order that the heat might be 


uni- 
2° 
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uniformly diffufed over the oil, previoufly to 
the mixture, as well as fubfequent to 1t.— 


For when that fluid is expofed to heat, the 


warmer particles have a much greater ten- 
dency to afcend to the furface than thofe of 
water.in fimilar circumftances. And, confe- 
quently, in the above experiment, a_ brifk 
agitation was neceflary to promote a uniform 
diffufion. 

If two tenths of a degree be allowed for 
the heat loft in the firft minute, the true 
temperature of the mixture will be ror.g. 
Hence the warm oil and veflel were cooled 
43.1, the cold and warm oil being mixed in 
the veffel in which the latter was contained. 
The veffel was the fame with eh ufed in the 
former Soe SE 

The capacity of water is to that of oil very 
nearly as 2 to 1.—If therefore 81.4 degrees 
of heat, when feparated from the veffel, 


raife a given quantity of water one degree, 


the ee of the fame heat would raife 
an equal quantity of infeed oil two degrees. 
In the experiment in queftion the veffel 
was cooled 43.1.—To difcover sha much 
the oil was raifed. by this heat, fay as 81.4 
: a 


rh 
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to 2, fo is 43.1 to a fourth, which gives 
very nearly one degree for the heat that would 
-have been imparted by the veffel to 121b. of 
linfeed oil, and confequently the heat com- 
municated by rolb. was nearly .8 of a de- 
gree. Hence we have 100.9 for the tem- 
perature, which would have been indicated 
if no heat had been communicated by the 
-vellel.—The arithmetical mean is 100.2. 

This experiment was thrice repeated with 
the greateft attention; and the mean refult 
gave nearly .5 for the excefs of the tempera- 
ture indicated by the thermometer above the 
arithmetical mean. 

It is probable, that this deviation was in fome 
meafure owing to the tendency of the particles 
of the warm oil to afcend to the furface, in 
_confequence of which the difficulty of bring- 
ing the feveral parts to a uniform heat, and 
of marking the mean temperature, was very 
great. And, for the fame reafon, the re- 
fults of the feveral experiments with that 
fluid could not be brought to correfpond fo 
“nearly as the refults of thofe which were 
_made with water. If, however, we fuppofe 
_the experiments to be exact, and the thermo- 

: meter 
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meter to have been an accurate meafure of 
heat, it will follow that the capacity of lin- 
feed oil is a little augmented by an tincreafe 
of temperature. 

The reader will perceive, that in the fore- 
going experiments with water, when equal 
portions of this fluid, having different de- 
grees of fenfible heat, were mixed together, 
the temperature of the mixture, as indicated 
by the mercurial thermometer, was a little 
lefs than the arithmetical mean. 

This irregularity Mr. De Luc accounts — 
for in the following manner: He fuppofes, 
that the contractions of mercury have an 
increafing progrefs compared: with the dimi- 
nutions of heat in bodies—that.a double di- 
minution of heat, for example, will produce 
more than a double contraction; a triple 
diminution more than a triple contraCction. 
In confequence of which the mercurial ther- 
mometer, in experiments fimilar to thofe re- 
cited above, muft indicate lefs than the arith-. 
metical mean. 

Mr. De Luc has, however, himfelf ob- 
ferved, in a paper, with which he fome time _ 
ago favoured me on this fubjeét, that we 


cannot 
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cannot determine with certainty from thofe 
experiments, the relation which the expan- 
fions of mercury bear to the increments of 
heat. For when we infer the agreement be- 
tween the dilatations of mercury and the in- 
-erements of heat from fuch experiments, we 
take it for granted, that the capacity of water 
for receiving heat, continues permanent at all 
temperatures between the freezing and -boil- 
ing points. This, however, fhould not be 
admitted without proof. 

It is proper to add, that if the merdury | in 
- the experiments in queftion had indicated the 
precife arithmetical mean, we could not from 
thence infer with certainty, that the dilata- 
tions of this fluid are proportional to the 
increments of heat. For fuch alterations 
| way be conceived to take place in the capa- 
city of water, and in the contractions or di- 
latations of mercury, in confequence of a 
change of temperature, as would account for 
the phenomenon, though the expanfions of 
mercury and the increments of heat were not 
_ proportional to each other. If, for example, 
unequal augmentations of capacity are pro- 
duced in water by equal increments of heat ; 
a Fy and 
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‘and if unequal contractions are produced 
in mercury by equal diminutions of heat, 
thefe contrary irregularities may be con- 
ceived to be fo adyufted as precifely to 
balance each other, in confequence of which 
a mercurial thermometer introduced into 
equal quantities of hot and cold water mixed 
together, would point to the arithmetical 
mean. 

As thefe experiments, therefore, are not 
decifive, I have endeavoured to difcover the 
relation between the expanfions of mercury 
and the increments of heat, by a mode of 
trial which appears lefs liable to objection. 

In the courfe of my experiments on heat, 
i obferved, that if the vapour of boiling 
water be made to flow in a continued ftream 
through a pipe of any length or dimenfions, 
every part of that pipe will be raifed to the 
boiling point; and, moreover, that if the. 
extremity of a pipe, leading from a covered 
veffel containing boiling water, be inferted 
into another covered: veffel, which has two 
{mall apertures for the purpofe of fuffering 
the {team to enter and to efcape, every part 
of the latter vefiel will be kept at the tem- 
perature of boiling water, provided the va- 

pour 
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pour be introduced in fuch a quantity, as that 
a portion of it fhall efcape uncondenfed. 
In reflecting on this fact, it occurred to me, 
that a method might be devifed of combining” 
the freezing and boiling points of water, fo as 
to obtain ai intermediate temperature that 
fhould be conftant. With that intention, I 
contrived the following apparatus; fee plate I. 
fig. 1. 

AC reprefents a double veffel confifting of 
two cylinders, A BC D,and/max 0, which 
are joined at the fuperior extremity (/ 0), the 
{pace between them being compleatly clofed, 
excepting at the two apertures C and B, into 
the former of which the {team of boiling wa- 
ter enters, and the latter fuffers it to efcape. 

In this veffel, therefore, there are two 
compartments, one of which is the {pace in 
tercepted between the interior and exterior 
cylinders, and the other is that included 
within the interior cylinder, which is open at 
(/0), and clofed at the bottom (m 7). The {team 
that paffes from the boiler G H through the 
pipe GC, into the fpace between the cylin- 
ders which forms the exterior compart- 
ment, keeps every part of that {pace at 

ie 2) ally aaa ie the 
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the boiling point, as long as a portion of un- 
condenfed vapour iffues from the pipe B. 
Upon the veffel A C is inverted another 
double veflel E D, confifting of the interior 
and exterior cylinders E A DF, andrps 4, 
which are joined at the lower extremity p ¢. 
In this veffel, therefore, there are alfo two 
compartments, one of which is formed by 
the fpace between the cylinders, which 1s 
open at its fuperior extremity E F, and the 
other by that included within the interior 
cylinder ; which being clofed at its fuperior - 
extremity (7 s), and open below, communi- 
cates with the interior compartment of the 
lower veflel. ‘The exterior compartment of 
the upper vefiel is filled with pounded ice, 
which is confequently applied to the external 
fuperficies of the interior cylinder, as well 
as to its bottom, (7s), being introduced in 
fuch a quantity as compleatly to occupy the 
cavityeprsgf. | 
The two interior cylinders /mno and 
prsq, are equal in fize. Between the fuperior 
and inferior veffels, for the purpofe of inter- 
rupting the fudden communication of the 
heat, 1s placed a thin flat annular piece of 
cork, on which the fuperior veffel refts, the 
= diameter 
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diameter of the cork being equal to the 
breadth of the inner compartment. 

The exterior cylinder A E F D of the up- 
per veffel, is continued as far as the points A 


-and D; and the outer furface of this veffel, 


being eee than that of the inferior one,. 
by the above-mentioned continuation, a cavity 


is formed, which is filled with plafter of 


Paris; and thus the two vefiels are cemented 
together. Through a perforation in the cork | 


placed between the vefiels, a fmall tube paffes, 


one extremity of which opens at the point a, 


into the compartment formed by the interior 


cylinders ; and the other extremity extending 
through the plafter of Paris, reaches to a 
fmall diftance beyond the. outer cylinder of 
the fuperior veffel. In this tube a thermo- 
meter (fv) 1s inferted, which has the mer- 
cury contained in a thin cylinder, nearly 
equal in length to the tranf{verfe diameter of 
the inner compartment. 

As the interior cylinders are equal in fize, 


| and as the lower veflel is kept in all its parts 
| at the boiling, and the upper veflel at the 
freezing point, it may be inferred, that the 
| thermometer (¢v), which pafles horizontally 
| through the center of the fpace intercept- 
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ed between the cylinders, and which 1s 
confequently expofed to equal furfaces at 32 
and at 212, will acquire a degree of heat that 
is precifely the arithmetical mean between 
thofe points; and if the fluid in the thermo- 
meter indicate likewife the arithmetical mean, 
we may conclude, that the expanfion and the 
heat acquired are proportional to each other. 
The veffel that has the temperature of 32, is 
placed over that which is at the boiling point, 
in order that an uniform diffufion of the heat 
may be produced, by the cold air defcending 
from above, and intimately mixing with the 
warmer air below*. 


The 


* Upon a principle fimilar to that which has been em- 
ployed in the apparatus defcribed above, I have contrived 
an inftrument, by means of which fixed temperatures 
may be obtained at all the intermediate degrees of heat 
between the freezing and boiling points of water. 

This inftrument, like that which has been now de- 
{cribed, confifts of two double veflels, one of which is 
inverted upon the other, the fuperior being kept at 32 
by means of pounded ice, and the inferior at 212 by the 
{team of boiling water. The interior cylinders of thefe 
veflels are formed of brafs polifhed in the infide ; and in 
each eylinder a moveable pifton is placed; that which is 
inferted in the upper being kept at 22, and that in the . 
lower at 212. Hence it is manifeft, that by changing 
the 


uPpON ANIMAL Heat, &c. 39 


The relation between .the expanfions of 
mercury and the real increments of heat, as 
determined by this apparatus, will appear 
from the following experiment. 


EXPERIMENT VIII. 


The cylindrical mercurial thermometer de- 
{cribed above, was inferted by means of a 
cork in the tube g, and the middle point 
of the cylinder containing the mercury was 
made to coincide as nearly as poffible with 

the 


the relative pofitions of the piftons, the proportions of the 
furfaces at 32 and at 212, which are intercepted between 

them, may be varied at pleafure. 
~ When each pifton is raifed to the upper extremity of 
the cylinder in which it is contained, we fhall then have 
the whole of the fuperior cylinder, which is at 32, expofed 
to the action of the inferior pifton at 212. If we with to 
have a degree of heat lower than this, two brafs plates, 
‘having the temperature of 22, may be introduced hori- 
zontally at the bottom of the upper cylinder, and may be 
gradually made to flide over the furface of the lower 
pifton, until at length they meet. Each of thefe plates 
fhould confift of two parallel plates, which are placed at 
a little diftance from each other, and which are joined at 
their extremities by crofs plates, the {pace intercepted 
between them being filled with pounded ice, for the pur- 
| D4 pofe 
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the center of the fpace included within the 
interior cylinders. The exterior compart- 
ment of the upper veflel was then filled with 
fnow at 32, and the outer compartment of 
the lower veffel was raifed by the fteam of 
boiling water to 212. In a fhort time the 
thermometer rofe to 121, where it remained 
without variation during the fpace of 15 
minutes, the experiment being then difcon- 
tinued. When this experiment was made, 
the barometer ftood at 29.6. The boiling 
point of the thermometer had been taken 
when the barometer was at 30 inches. 


\ 


pofe of retaining them at the fixed temperature of 32. 
By this means, a fmaller portion of the furface of the 
lower pifton will be expofed to the upper cylinder, in pro- ~ 
portion as the plates approach towards each other, and 
when they meet, it will be wholly covered by them. The 
air in the upper cylinder will be then reduced to the 
freezing point,.as it will be entirely furrounded by furfaces 
at 32. A fimilar apparatus may be employed to raife the 
air in the lower cylinder, by regular gradations, to the 
temperature of 212. : 

It is manifeft that, upon the fame principle, by means 
of the freezing, and boiling, points of other fubftances, 
inftruments may be made for exhibiting fixed degrees of 


heat, which fhall comprehend a much larger fcale than 
the inftrument now defcribed.. 


| Tn 
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In Experiment UI. the deviation of the 
mercury from the arithmetical mean was .s5¢§ 
of a degree; the difference of temperature 


between the hot and cold water, previoufly 


to the mixture, having been nearly 100 de- 


grees. Hence we may infer, that if the dif- 


ference of temperature had been 180, the 


deviation would have been .gg, which coin- 
cides. very nearly with the refult of the fore- 
going experiment. 

When this experiment was repeated with 
unequal furfaces,;:.the central heat was not 
found accurately to vary with the furfaces ; 
the effect produced by the {maller furface 
being comparatively greater than that pro- 


duced by the larger. For when the furface 


at 32 was fo diminifhed as to become one 
half of that at 212, the heat at the centre, 
as might be expected, was increafed; but 
the zucreafe of the central heat was lefs than 


‘the diminution of the cooling furface. On 


the contrary, when the furface at 212 was 
diminifhed till it became one half of that at 
32, the diminution of the central heat was 


Jefs than that of the heating furface. The 


reafon of which feems to be, that the fupe- 
rior and inferior furfaces have greater power 
oy 
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in heating or in cooling the air than the 
lateral furfaces. For a current of warm air 
is continually afcending, by the lateral fur- 
faces, and a contrary current of cold air 1s 


defcending through the centre, as I have | 


found by experiment; and the force with 
which thefe currents are impelled againft the 
fuperior and inferior furfaces, by increafing 
the points of contact, increafes the heating 
and cooling powers. In thefe experiments 
the capacity of the leffer veffel was diminifhed 
by fhortening its lateral furface: hence the 
perpendicular altitudes of the two veflels 
were unequal, but their breadth was the 
fame, and confequently the fuperior and in- 
ferior furfaces, on which the heating and 
coohng power principally depended, being 
equal, the heats did not vary in proportion 
to the variation in the fize of the veffels. It 
is proper to add, that the refrigerating power 
of the colder furface was found to be fome- 
what greater than the heating power of the 
warmer, in fimilar circumftances, The 
caufe of this difference it 1s difficult to de- 


termine; but from whatever caufe it may 


have arifen, it leads to the following con- 
clufion : fince it is found that in fimilar cir- 
cumftances, 


=. 2 
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cumftances, when the furfaces are unequal, 
the refrigerating power of the colder, is greater 
than the heating power of the warmer fur- 
face, it may be inferred, that if the furfaces 
be made to approach towards equality, the 
effect produced by the colder furface will not 
in any intermediate point be lefs than that 
produced by the warmer. Hence we may 
conclude with certainty, that when the fur- 
faces become equal, the real heat applied to 
a thermometer that paffes horizontally through 
the centre of the apparatus, will not be greater 
than the true arithmetical mean between the 
freezing and boiling points. 

It is poffible, however, that it may be a 
little lefs ; for the refrigerating power of the - 
-ice in melting, may be greater than the heat- 
ing power of the {team during its condenfa- 
tion. But it ts, I think, evident, that the 
deviation produced by this caufe, fuppofing 
it to exift, muft be inconfiderable: for in 
order that two fubftances fhould tranfmit 
heat unequally, it is neceflary either that 
their magnitudes, conducting powers, or ca- 
pacities for heat fhould be unequal, or that — 
the differences between their heats, and thofe 
of the fubftances with which they are in 

ay contact, 
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contact, fhould be unequal. But in the above 
apparatus the heat paffes from the fteam to 
the ice, through fubftances which have equal - 
magnitudes, capacities, and conducting pow- 
ers. If, therefore, in the experiment in quef- 
tion, the heat had been tranfmitted unequally, 
the difference between the temperature of the 
fuperior cylinder and of the ice muft have 
been greater or lefs than the difference be- 
tween the temperature of the inferior cylin- 

er and of the fteam: that is, the inferior 
cylinder muft have been more or lefs heated 
by the fteam, than the fuperior cylinder was 
cooled by the ice. But as the cylinders are 
good conductors of heat, and are clofely in 
contact with the ice and fteam, which have 
fixed temperatures, it is evident, that they 
muft acquire very nearly the temperatures 
of 32 and 212. If, however, from the 
greater refrigerating ‘power of the ice, we 
conceive the difference between its tem- 
perature and that of the fuperior cylinder, to 
have been half a degree lefs than the difference 
between the temperature of the fteam and 
of the inferior cylinder, the real heat at the 
centre would not be reduced by the opera- 


tion 
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45 
tion of this caufe more than a quarter of a 
degree below the arithmetical mean. 

The thermometer in Experiment. VIII. 
ftood at 121, which was one degree lefs 
than the arithmetical mean. And fince it 
has been fhewn, that the real heat, at the 
centre of the apparatus, in that experiment, 
was not greater than the arithmetical mean, 
and that it did not defcend. below it more 
than 2 of a degree, we hence conclude, that 
the thermometer, in the experiment in quef- 
tion, did not deviate from the real heat more 
than one degree, nor lefs than 2 of a degree. 
_ It 1s proper to obferve, that the boiling 
point of the cylindrical thermometer ufed 
in this experiment, was taken by immerfing 
it in boiling water, when the barometer 
{tood at 30 inches, the cylinder and a {mall 
part of the tube being covered with the 
water. Now if we fuppofe th: expanfions 
of mercury accurately to correfpond with the 
real heats, it is manifeft that a thermometer, 
which is thus graduated, muft obferve a de- 
creafing progrefs, compared with the INgKes 
‘ments of heat. This clearly appears from 
the experiments and obfervations contained 
in Mr, Cayendifh’s excellent paper on the 


oA method 


46 EXPERIMENTS AND OBSERVATIONS 


method of graduating thermometers*. For 
let a thermometer, graduated as above, be 
conceived to be immerfed in water at 32, 
the air in the room being alfo at 32, and 
let the tube be funk to fuch a depth in the 
water, that the furface of the latter fhall co- 
incide with the 32d degree of the thermome- 
ter. If the temperature of the water be gra- 
dually increafed, the thermometer being kept 
in the fame pofition, a portion of the mer- 
cury will rife above the furface; and if at 
the fame time the temperature of the air be 
not increafed, that portion of the mercury 
which is expofed to its influence will have its 
expanfion diminifhed. 

Let the water, for example, be raifed to 33, 
the air remaining at 32: it is manifeft, that 
the mercury, which, by its afcenfion in the 
tube, is now expofed to the influence of the 
air, will be lefs expanded than if it were’ 
wholly immerfed in the water--. 


* See Philofophical Tranfa@tions, Vol. LXVI. p. 
380. | 
+ See. the Report of the Committee for adjufting 
Thermometers, publifhed in the Philofophical Tranfs 
actions, Vol. LXVIL. p. 516, 


If 
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If the difference between the temperatures 
of the air and water be increafed, the dimi- 
nutions produced in the expanfion of that 
part of the mercury which is furrounded by 
the air will likewife increafe. And hence, 
in proportion as the thermometer rifes, 
greater quantities of heat muft be continu- 
ally added to the water, in order to produce 
equal expanfions in the mercury. The latter 
will therefore obférve a decreafing progrefs, 
compared with the increments of heat. 
Agreeably to this I have found, that when 
the cylinder andtube ufed in Experiment VIIT. 
were completely furrounded with fteam, ac- 
cording to the method recommended by Mr. 
Cavendifh, the mercury rofe nearly a de- 
gree and three fourths above the boiling 
point, which had been taken in the common 
method. And the fame thermometer, at the 
intermediate divifion between the freezing 
and boiling points, ftood nearly one degree 
lower than a thermometer which was gra- 
_duated according to Mr..Cavendifh’s ideas, 
_and which was completely immerfed in 
“water. 
If allowance be made for this error, it will 


follow, that in Experiment VIII. the mer- 
curial 
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curial thermometer indicated very nearly the 
arithmetical mean. 

The thermometers employed in the ex- 
periments with warm and cold water, re- 
cited above, were reduced to the fame {fcale, 
by comparing them with a ftandard, which, 
as well as that ufed in Experiment VIII. 
had the boiling point taken when the baro- 
meter {tood at 30 inches, the bulb and a 
fmall portion of the tube being immerfed 
in the water. Thefe thermometers mutft, 
therefore, as was already fhewn, _necef- 
farily obferve adecreafing progrefs, compared 
with the real increments of heat. And hence 
we find, that, in the experiments alluded to, 
the thermometer which was employed to de- 
termine the temperature of the mixture, ftood 
a little lower than the arithmetical mean. 
When this error was corrected, it appeared 
that the precife arithmetical mean was very 
nearly indicated in thofe experiments. 

In making experiments on the heat of 
fluids, the caufe of error now explained may. — 
be entirely avoided, by graduating the ther= 
mometer according to the method recom= 
mended by Mr. Cavendifh, and by im- . 
merfing it, in each experiment, to a depth 

equal 
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equal to the elevation of the mercury. But 
in many experiments this is attended with 
great inconvenience, and in fome: it is 
impoffible. | 

If the thermometer be sratualed in Mr. 
Cavendifh’s method, and it be not in each 
experiment entirely immerfed, the error will 
be incréafed: it will fall more below the real 
heat, than if a thermometer made in the 
common way had been employed. 

It feems beft, therefore, in experiments that 
do not admit of a total immerfion, to employ 
‘thermometers graduated in the common me- 
thod, and at the fame time to find the boiling 
point by the method which Mr. Cavendifh 
has propofed. And thus, as has been fhewn 
by that philofopher, a fcale of the errors may 
be formed, by which we fhall be enabled to 
make a near approximation to the truth. 
But this fcale of errors will not be perfectly 
accurate, unlefs in all experiments, the ther- 
mometer be immerfed to the fame depth, and 
the air have the fame temperature that it had 
when the boiling point was originally taken. 
The inaccuracies, however, produced by 
changes of temperature in the air, if the 
‘experiments be-‘not made in the extremes of 

icy heat 


59 | Expentwents ‘AND OBSERVATIONS 


heat or cold, will be inconfiderable ; and it 
is poflible to make an additional fcale of the 
errors arifing from that caufe, which may be 
employed in experiments that require very 
great accuracy. 

The reader will obferve, that there is a dif- 
ference of nearly two degrees between the 
general refult of the foregoing experiments, 
and thofe of Mr. De Luc on the, fame 
fubject. 

According to that philofopher, the mer- 
curial thermometer, when it has acquired 
the degree of heat which 1s the arithmetical 
mean between the freezing and boiling points, 
ftands at 38.6 of his fcale, which is 118.85 
of Fahrenheit’s. By the experiments related — 
above it ftands at 121. ‘The caufe of this 
difference cannot eafily be determined with 
certainty. Mr. De Luc himfelf fuppofes, 
that the real deviation from the arithmetical © 
rhean is not altogether fo great as it appeared 
in his experiments, a {mall error being con- 

ceived to have arifen from the evaporation of 
the heated water, and allowance not having 
been made, excepting mone experiment, for 
the refrigeration produced by the external 
air. In the experiments with warm .and 

cold 
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eold water recited above, particular attention 
was paid to thefe circumftances ; and as the 
thermometers which I employed were made 
with great care, and were reduced to a com- 
mon fcale, by comparing them with an accu- 
rate ftandard, I cannot help confidering the 
refults of thefe experiments as approaching 
nearly to the truth. And Iam much con- 
firmed in this conclufion, by their coincidence 
with Experinient VIII. which was made in 
fach different circumftances, and in a man- 
ner fo little hable to error. 

The following experiment was made te 
determine the relation between the expan- 
fions of wafer and the increments of heat, 
by means of the apparatus ufed in Experi- 
ment VI. 


. EXPERIMEN TIX. 


A water thermometer, that had the wa- 
ter contained in a thin flat tube, was infert- 
ed in the apparatus, the center of the tube 
being made to coincide with the center of 
the {pace intercepted between the interior 
cylinders, as in the former experiment. 
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Jn the courfe of a few minutes the water rofs 
to 75, where it remained without variation. 

For the purpofe of making this thermo- 
meter, a tube was chofen which was nearly 
accurate, and the flight inequalities that oc- 
curred 1n it were compenfated by the fize 
of the divifions in the feale. The water, 
previoufly to its introduction into the tube, 
was freed from air, that it might bear the. 
temperature of 212. It had the boiling 
point taken when the barometer was at 30, 
and the freezing point was found, by im-— 
merfing 1t in water, cooled to 32. 

The refult of this experiment very nearly 
correfponds with that of Mr. De Luc on 
the fame fubject. For by Mr. De Luc’s 
experment, when the mercurial thermome- 
ter ftood at 40 of his fcale, (equal to 122 of 
Fahrenheit’s) the water thermometer ftood at 
20.5 of his fcale, which was equal to 78.125 
of Fahrenheit’s. 

From Experiment VIII. it appears, that 
when the mercurial thermometer 1s expofed 
toa degree of heat that is intermediate be- 
tween the freezing and boiling points of. 
water, it indicates very nearly the arithmeti- 
éal mean. Hence we may conclude, with 

great 
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great probability, that the expanfions of 
mercury are proportional to the quantities of 
heat applied, and confequently that the mer- 
curial thermometer is an accurate meafure of 
heat. And this conclufion is, 1 think, con- 
firmed by the coincidence between the above- 
mentioned experiment, and thofe with warm 
and cold water formerly recited. 

It moreover appears from Experiment IX. 
that the expanfions of water do not corre- 
fpond with the real increments of heat, the 
deviation from the arithmetical mean be- 
tween the freezing and boiling points, in that 
experiment, being 44 degrees of Fahrenheit’s 
feale. | 

5. The capacities of bodies for contain- 
ing heat are nearly permanent, as long as 
they retain the fame form. ; 

The capacity of a bedy for heat is faid to be 
permanent, when the fame quantity of abfolute 
_keat which raifes 1t one or two degrees, as 
meafured by an equrdifferential thermometer, 
at a given temperature, will raife it an equal 
number of degrees at all ether temperatures. 
On the contrary, the capacity is faid to be 
dncreafed or diminifhed, by an alteration of 
temperature, when in confequence of fuch 

i 4 an 
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an alteration a greater or a lefs quantity of. 


abfolute heat muft be applied to it, in order 
to produce an equal effect upon the ther- 
mometer. 


It has been proved by Experiment VIII. 


that the mercurial thermometer is nearly an 
accurate meafure of heat; and from the ex- 
periments with warm and cold water, it ap- 
pears, that when equal portions of this fluid 


are mixed together at different temperatures, 


the mercurial thermometer indicates very 
nearly the arithmetical mean. Hence it fol- 
lows, that the capacity of water is permanent, 


in all the intermediate temperatures, between, 
the freezing. and boiling points. For if, by. 


augmenting its fenfible heat, the capacity of 
water were increafed, an equidifferential 
thermometer, in experiments fimilar to thofe 
recited above, would point to more, and if 
diminifhed, to /e/s than the arithmetical mean. 
The truth of this will appear from the 
following propofitions. | ive 


ProposiTion J, 


q 


If two equal portions of the fame fluid be — 
mixed together at different temperatures, the ~ 


heat 


*¥ 
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heat will be equally divided between them ; 
or, in other words, the quantity of abfolute 
heat imparted by the warmer to the colder 
fluid, will be half the difference of the {epa~ 
rate heats, 
There are three cafes of this propofition: 
1. The capacity of the fluid may be cone 
_tinually increafed or continually diminithed 
by an augmentation of temperature. 2. It 
may be alternately increafed and diminithed. 
.3- The capacity may remain permanent in 
all temperatures, while the fluid retains the 
fame form *. 


ae In the two former of the above cafes, the variation 
) of capacity is fuppofed to be gradual. It is poffible, how- 
ever, that the capacity of a body may be /uddenly varied by 
‘achange of temperature. Thus it has been proved by Dr. 
drvine, that when water has arrived at the boiling point, 
it undergoes an inftantaneous change of capacity in the 
moment of its converfion into vapour. - But the fuppofi- 
tion of a fudden variation of capacity cannot have place 
in the prefent inftance; becaufe when the capacities of 
b odies are fuddenly varied by an alteration of temperature, 
hey are found to fuffer a change of form, as appears from 
the difcoveries of the above-mentioned philofopher. And 
| onfequently, if the temperature be altered while the form 
ontinues the fame, the capacity muft either be permanent, 
br it muft be gradually increafed or diminithed. 


Ir 4. Cale 
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Cafe 1. Let A and B be equal portions 
of any fluid, the capacity of which is con- 
ceived to be continually increafed by a gra-_ 
dual augmentation of its temperature. Let 
the part A be fuppofed to have a higher tem- 
perature than the part B. It is vatican 
that if B and A be mixed together, and 
brought to a common temperature, A will 
communicate to B one half of the excefs of 
its heat above the original heat of B. 

_ For let the temperatures of A and B (fee 
plate I. fig. 2 and 3.) be reprefented by the 
lines CH and LM; and let the ordinates 
uv, wx, yz, andad, cd, ef, bedrawn re- 
prefenting the capacities at different temperae 
tures, the capacities at the point of total pri-’ 
vation being exprefied by the lines BC, KL; 
and let BG and KI be the lines joining ne | 
extremities of the ordinates. cag 

It was obferved above, that the svat 
of abfolute heat in bodies are proportional © 
to the rectangles under the capacities and 
cemperatures eftimated from the point of 

total privation, If, therefore, the lines C H, . 
LM, reprefent the temperatures, and the 
lines HG, MI, the capacities, the abfolate 
heats will be reprefented by the rectangles. 


HR, 
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HR, MQ.. When the bodies aré mixed 
together, and brought to a common tempe- 
rature, let the heat of A be diminifhed. by’ 
the figure HER, and let that of B be in- 
creafed by the figure OIP; and fince the 
heat which is taken from A is the fame with 
that which is added to B, it is manifeft that 
HER mutt be equal to OTP. From the 
third general fact, it is evident, that when 
A and B are brought to the fame tempera- 
ture, they contain equal quantities of abfolute 
heat. Therefore the igure F CSE, 1s equal to 
the figure OLPN. For the fame reafon the 
figure DT is equal to the figure MQ: con- 
fequently the remainder OIP or HER is 
equal to the remainder FAS. That is, A 
communicates to B one half of the excefs of 
its heat above the original heat of B*. 

* In the reafoning which has been employed to eftablifh 
the above propofition, it is taken for granted, that no part 
- of the heat which is abforbed by bodies, in confequence 

of an increafe of capacity, enters into a chemical union 
with them, 

‘The opinion of thofe philofophers who fuppofe that 
elementary fire is capable of chemically combining with 
bodies, does not appear to be founded upon decifive ex- 

periments. I fhall endeavour to fhew in the fequel, 
that we have no fufficient evidence for believing that 


bodies do, in any inftance, enter into this peculiar mode 
ef combination with that element, 
If 
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If, therefore, any fluid have its capacity 
continually augmented by an increafe of 
temperature, and if equal portions of this 
fluid be mixed together at different tempera- — 
tures, the quantity of abfolute heat imparted 
by the warmer to the colder fluid will be half 
the difference of the feparate heats. 

In like manner it may be proved, that if 
a fluid have its capacity continually dimi- 
nifhed by an increafe of temperature, and if 
equal portions of it be mixed together at 
different temperatures, the heat will be equally 
divided between them. 

If the capacity be alternately increafed mad 
diminifhed by augmenting the temperature, 
as in the fecond cafe, the line joining the ex- 
tremities of the ordinates which reprefent the 
capacities will be a waving line. If the ca- 
pacity continue permanent, as in the third 
cafe, it will be a ftraight line. The demon- 
ftration of thefe cafes is the fame with that 
of the firft. We may therefore conclude 
univerfally, that if two equal portions of the 
fame fluid be mixed together at different tem- 
peratures, the quantity of abfolute heat com- 
municated by the warmer to the colder fluid, 
will be half the difference of the feparate 
heats. 


< 
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ProrposiTion II. 


~ If a fluid have its capacity continually i ine \ 


created by an augmentation of temperature, 
and if equal portions of that fluid, having 
different temperatures, be mixed together, 
-the temperature of the mixture, as meafured 
by an equidifferential thermometer, will be 
greater than the arithmetical mean: or in 
other words, the feffible heat imparted by 
‘the warmer to ‘the colder fluid, will be more 
than half the difference of the feparate heats. 
For as the capacity of the fluid increafes 
with the temperature, the quantities of ab- 
folute heat which are required to produce 
equal alterations of temperature will be con- 
tinually increafing. Confequently, if the 
difference between the temperatures of the 
warmer and colder fluid be conceived to be 
divided into two equal parts, that is, if DF 
be equal to FH, (fee plate I. fig. 2.) the 
quantity of abfolute heat required to raife 
the fluid from D to F, will be lefs than that 
yequired to raife it from F to H. From 
which it follows, that if the line DH, repre- 
fenting the excefs of the temperature of the 
2 warmer 
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warmer above that of the colder fluid, be con- 
ceived to be fo divided in the point F, that the 
quantity of abfolute heat which raifes the _ 
fluid from D to F, fhall be equal to that ™ 
which raifes it from F to H, HF muft be 
lefs than FD. Hence if we take from the - 
warmer fluid a quantity of heat, by which | 
the excefs of its abfolute heat above that 
of the colder, fhall be diminifhed one half, 
the difference of temperature will be dimi- 
nifhed /e/s than the half. In like manner it 
may be proved, that if we add to the colder 
fluid a quantity of abfolute heat, equal to 
that which has been taken from the warmer, 
or to half the difference of the feparate — 
heats, its temperature will be augmented 
more than the half. But it was before fhewn, 
that when the fluids are mixed together, the 
quantity of abfolute heat which the warmer 
imparts to the colder, 1s pyecifely half the - 
difference of the feparate heats. From which 
it follows, that the diminution in the tem- 
perature of the warmer fluid will be lefs than 
the increafe in that of the colder, and hence 
the temperature of the mixture will be greater 
than the arithmetical mean, 

| By 
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By a fimilar mode of reafoning, it may be 
fhewn, that if a fluid have its capacity con- 
tinually diminifhed by an increafe of tempe- 
ature; and if equal portions of that fluid, 
having different degrees of fenfible heat, be 
mixed together, the temperature of the mix- 
ture will be lefs than the arithmetical mean. 
. If the capacity were irregularly changed 
by an alteration of temperature, being in 
fome parts of the fcale increafed, and in 
others diminifhed ; and if the warmer fluid, 
previoufly to its mixture with ‘the colder, 
were raifed to a variety of different tempera- 
tures in a feries of experiments fimilar to 
thofe recited above; in that cafe, an equi- 
differential thermometer would, in fome ex- 
periments, indicate more, and in others lefs, 
than the arithmetical mean. 

It appears, however, that in Experiments 

‘7, 1], HI, and IV. the arithmetical’ mean 
was very nearly indicated by the mercu- 
rial thermometer. And from Experiment 
VIII. it is wnferred, that this inftrument is 
nearly an accurate meafure of heat. And 
fince it has been fhewn, that if the capacity 
of water were either regularly or irregularly 


varied 
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varied by an alteration of temperature, 4 
thermometer which was an accurate meafure 
of heat, would, in thofe experiments, have 
indicated more or lefs than the arithmetical 
mean, it follows, that the capacity of this 
fluid 1s permanent in all temperatures be- 
tween the freezing and boiling points. 

I may add, that the truth of thefe conclu- 
fions is much confirmed by the coincidence 
between the refults of the above-mentioned 
experiments, and that of experiment VIII. 

For if we fuppote the capacity of water 
to vary in different temperatures, the refults 
of the firft feven experiments will oblige us 
to have recourfe to the very improbable fup- 
pofition, that thefe variations are precifely 
balanced by contrary variations in the expan- 
fions of mercury. And again, if we imagine 
the expanfions of mercury to vary, the refult 
of the Sth experiment obliges us to fuppofe, 
that this variation is balanced by a deviation 
of the true heat, at the center of the apparatus 
ufed in that experiment, from the arithmeti- 
cal mean; which is alfo very improbable. 
But that a deviation from the true heat fhould 
moreover take place in the center of this ap- 

paratus, 
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-paratus, precifely equal to the fuppofed va- 
riations in the capacity of water, implies fuck 
a. coincidence of improbable events, that I 
think the contrary may be confidered as 

certain. : | 
_ The permanency of the capacity of water 
being proved, and the mercurial thermome- 
ter being fhewn to be an accurate meafure 
of heat, the influence of a change of tem- 
perature upon the capacities of other bodies, 
may be determined by comparing them with 
water as a ftandard. To illuftrate this, let 
-equal bulks of water and iron be fuppofed 
to be mixed together, the latter having a 
higher temperature than the former by fifty 
degrees. Let them be conceived to be mixed 
a fecond time, the excefs of temperature in 
the iron being 100 degrees ; and let the fen- 
fible heat loft by the iron in the firft inftance 
-be equal to that gained by the water. If 
the capacity of iron be permanent, the fen- 
fible heat which it lofes in the fecond in- 
ftance will alfo be equal to that which the 
water receives; but if its capacity be in- 
creafed, the diminution of temperature in the 
-iron-will be lefs, and, if diminifhed, greater 
| than 


Is 
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than the augmentation of temperature in the 


water. . 
IT have mixed moft of the metals and their 


calces with water at different temperatures ;_ 


and from the general refult of my experi- 
ments on this fubjeét, I have the utmoft rea- 
fon to believe, that the capacities of bodies, 
while they retain the fame form, are not 
liable to be varied by a change of temperature. 
For though many of the trials did not cor- 
refpond accurately with that fuppofition, yet 
they agreed more nearly with it, than with 
any other. From which we may infer, that 
the fuppofition 1s true. 

It is upon a mode of reafoning fimilar to 
this, that moft of our conclufions are found- 
ed, refpecting the exiftence of general laws. 
Aftronomers, for example, do not conclude, 
that the heavenly bodies move in elliptical 
orbits, becaufe their obfervations indicate 
that path precifely, but becaufe they approach 
more nearly to it, than to the circular, or to 
any other line of motion. At the fame time 
it muft be acknowledged, that though per- 
fect accuracy cannot be attained, yet in pro- 
portion as experiments make a nearer ap- 
proximation to that point, the inferences de- 

duced 
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duced from them will be more certain, and 
efs labour will be required in tracing them 
to firft principles. ' 

From the foregoing casio and ob- 
fervations, we may conclude in general, that , 
the capacities of bodies which retain the 
fame form, are permanent in the intermediate 
temperatures, between the freezing and boil- 
ing points of water. Hence we may in- 
fer by induction, that the fame law obtains 
throughout the whole of the fcale of heat. 
- The reliance which we are difpofed to 
place upon the evidence of inductive reafon- 
ing, is confirmed by the univerfal experience 
of mankind, which proves that the opera- 
tions of nature are yi be and uniform, that 
finilar effects proceed from the agency of 
fimilar caufes, and that all the phenomena 
of the univerfe, as far as they fall within the 
reach of human obfervation, are governed 
by general laws. Thus if it be found by 
experiment and obfervation, that the forces 
of the fun’s attraction to fome of the planets 
are inverfely as the fquares of the diftances, 
we infer, from the fimplicity of the opera- 
trons of nature, that this law prevails through- 
out the whole of the planetary fyitem, and 

: i governs 
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governs the motions of all the bodies that — 
revolve around the fun as acenter. In like 
manner if it be found, in thofe temperatures 
which come within the reach of our obferva- — 
tion, that while the forms of bodies con- — 
tinue the fame, the capacities are perma- 
nent, we conclude by induction, that this 1s 
a general law of nature, which extends 
throughout the whole of the fcale of heat, 
even to the point of total privation. 

As this conclufion is founded upon an 
extenfive feries of experiments, and as it 
affords a fimple interpretation of the phe- — 
nomena, it may, I think, be confidered as a | 
legitimate induction. And if any deviation — 
from the general law fhould afterwards ap- 
pear in particular inftances, it muft be ad- 
mitted with fuch exceptions as occur *, 

By the permanency of the capacities of 4 
bodies for heat, we are enabled to account © 
for the regularity with which they give off — 
heat when placed in a cold medium. j 

The laws of the refrigeration of heated | 
bodies were firft inveftigated by Sir Ifaac q 
Newton. This illuftrious philofopher fup-— 
pofed, with great probability, that the quan- } 


* See Newton’s Optics. ‘ 
tities 
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tities of heat loft by a body in fmall portions 
of time, would always be proportional to the — 
~ excefs of its temperature above that of the 
furrounding medium. ‘Thus, if the heated 
body were 180 degrees warmer than the 
atmofphere, the quantity of heat which it 
would lofe in a given moment, would be 
double that which it would lofe in an equal 
portion of time, if it were only go degrees 
warmer than the atmofphere. From which 
»  4t follows, that if the times were taken in 
*- arithmetical progreffion, the decrements of 
' heat would be in geometrical progreffion, 
and the heats remaining, confidered as the 
differences between the temperature of the 
body and of the external air, would alfo ob- 
ferve the fame law. 

Dr. Martine has fhewn, that this rule, 
though nearly accurate, 1s not to be admitted 
without fome reftriction. From 7s experi- 

ments, compared with thofe of Mufchen- 

broke, it appears, that the decrements are in 

a proportion fomewhat greater than the re- 

maining heats, and confequently the quan- 

tities of heat loft are partly equable, and 
_. partly in geometrical progreffion. 


F 2 It 
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It appears, therefore, that bodies are cooled 
according to the fame fixed laws: from which 
it follows, that we muft either admit the ca- 
pacities to be permanent, or muft have re 
eourfe to the very improbable {uppofition, 
_ that the changes of capacity produced by 
alterations of temperature, are precifely fimi- 
lar in all the various claffes of natural bodies. 

For if the changes of capacity were diffi- 
milar, the laws of refrigeration would vary 
in different fubftances. ‘To iluftrate this, 
let Band C be two bodies, the former of. 
which has its capacity uniformly diminifhed, 
and the latter uniformly increafed by a di- 
minution of temperature. If thefe bodies be 
heated and placed in a cold medium, the re- 
frigeration of the firft will be proportional to 
the joint effect of two caufes which aét in 
conjunétion with each other: for B will be 
cooled both by the refrigerating power of the 
ambient medium, and by the abforption of 
heat arifing from the increate of its capacity : 
the refrigeration of the fecond, on the con- 
trary, will be proportional to the d:ference 
between two caufes which act in oppofition 
to each other, for C will be continually de- 
prived of heat by the cooling power of the 

furs 
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furrounding medium, and it will be eontmu-. 
aily fupplied with heat from an internal fource, 
in confequence of the diminution of its capa- 
city. Hence the cooling power of the am- 
bient medium, will in the firft inftance be 
aided by the abforption of heat ; and in the 
fecond inftance, it will be counteracted by 
the exhication of that principle. The quan- 
tities of heat loft therefore by B, in fmall in- 
tervals of time, will be in a greater propor- 
tion than the heats remaining, confidered as 
the differences between its temperature and 
that of the external air; and the quantities 
loft by C will be in a /e/s proportion than the 
hearts remaining *. The laws of refrigera- 
tion in B and C will therefore be different. 
But thefe differences are not found to take 
place in nature. 

It has moreover been proved, that the laws 
of the. refrigeration of water, are the fame 
with thofe which obtain in the cooling of 
other fluid as well as folid fubftances. And 


* It is here fuppofed agreeably to the rule laid down by 
Sir Ifaac Newton, that if the capacities were permanent, 
the quantities of heat carried off by the furrounding me- 
dium in fmall fucceffive intervals of time, would be in 
geometrical progrefiion. 
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fince it has been fhewn by experiment, that 
the capacity of water for containing heat is 
permanent, we may infer, that in other fub- 
{tances, while the forms are unchanged, the 
capacities are alfo permanent. 

Future experimentalifts may perhaps dif- 
cover fome exceptions to this law. From 
the cold produced by the fudden expanfion 
of aerial fluids, it 1s probable, that the ca- 
pacities of thofe fubftances are a little in- 
creafed by-an augmentation of temperature ; 
but it will be fhewn in the fequel, that if 
fuch exceptions to the general law do exift, 
the effects which they produce are very in- 
confiderable. 

It was formerly proved, that in the fame 
homogeneous bodies, if the quantities of 
matter be different, but the temperatures the 
fame, the quantities of abfolute heat will be 
in proportion to the quantities of matter, 
Tt now appears, that in the fame homogene- 
ous bodies, if the temperatures be different, 
but the quantities of matter the fame, the 
form being fuppofed to remain unaltered, 
the quantities of abfolute heat will be in pro- 
portion to the temperatures, as meafured by 
an equidifferential thermometer, and com- 

| 5 i puted 
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puted from the point of total privation. 
Hence if the temperature of a body, efti- 
mated as above, were to be diminifhed the 
one half, or the one third, or in any given 
proportion, the abfolute heat would be di- 
minifhed in the fame proportion. 

6. When in confequence of expofure to 
heat, bodies that were previoufly folid are 
converted into fluids, they abforb a quantity 
of heat, which is neceflary to their exiftence 
‘ina fluid form, but which does not increafe 
their temperature; on the contrary, when 
the fame bodies are re-congealed by expofure 
to cold, they part with the heat which in 
the procefs of melting they had formerly 
abforbed. 

- 'This important fact was obferved by Mr. 
De Luc, 1n the years 1755 and 1756, as we 
learn from his work on the atmofphere, and 
from his late publication on meteorology. It 
appears to have been difcovered nearly at the 
fame time by Dr. Black of Edinburgh, who 
had no opportunity of becoming acquainted 
with what Mr. Luc had done, and who 
taught it publicly in his Chemical Lectures, — 
as early as the year 1757 or 1758. It is 
ig to add, that Dr. Black was the firft 
: a 4 who 
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who compleatly eftablifhed this difcovery by 
a feries of ingenious and decifive experiments. 
Thefe experiments have lately been commu- 
nicated to the public by Mr. De Luc, in his 
excellent Treatife on Meteorology; and as 
they will throw much light on the fubject of 


the fgllonane differtation, I fhall lay a brief 


account of them bcfore the reader *. 

If a pound of water at 32, be mixed with 
an equal quantity of that fluid at 172, by an 
equidifferential thermometer, the tempera- 
ture of the mixture will be 102, which is the 
arithmetical mean between the heat of the 


warm water and of the cold. Butif a pound 


of ice at 32, be mixed with a pound of water 
at 172, the temperature of the mixture will 
be 32. Hence it appears, that ice and water 
at the freezing point are very differently af- 
fected by heat. For in the firft experiment, 
a quantity of heat which raifed the thermo- 
meter 70 degr ees, pafled from the warm wa- 


ter into the cold, and by this heat the tems 


perature of the cold water was increafed 7¢ 
degrees. In the laft experiment, a quantity 


* A very accurate account of the Doctrine of Latent. 


that has beenalfo publifhed by Mr. Wilkie, in the Swedith 
“Tranfattions, See Acta Suec, 1772, p. 97. 


which 
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which raifed the thermometer 140 degrees, 
pafled from the warm water into the ice, in 
-confequence of which the latter was melted, 
but its fenfible heat was not increafed, the 
temperature of the mixture being 32. Whence 
it follows, that, in the melting of ice, 140 
degrees of heat are abforbed, which do not 


produce any effect upon the thermometer, | 


and which, as far as refpects that inftrument, 
may be faid to exift in the water in an 
infenfible ftate. 

The heat which the water abforbs, when 
jt acquires its fluid form, is again feparated 
from it by congelation, as appears from the 
following experiment. If a pound of water 
at 32, be mixed with an equal quantity of 
‘ice at 4, nearly 2 of the water will be frozen, 
and the temperature of the mixture will be 
2. In this experiment the ice is raifed 
from 4 to the freezing point: it is therefore 
evident, that by the congelation of nearly + of 
a pound of water, a quantity of heat is 
evolved, fufficient to raife a pound of ice 30 
degrees. It is proper to obferve, that’ the 
quantity of water frozen in this experiment, 
js fomewhat lefs than 2 of a pound. Let it 
be conceived, however, for the fake of illuf- 
? | tration, 
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tration, to be precifely that quantity. It-is 
manifeft, that if, by the congelation of 4 of 
a pound of water, a quantity of heat be 
detached, fufficient to raife the ice -in the 
above experiment 28 degrees, by the conge- 
lation of a pound of water, a quantity of | 
heat would be detached, fufficient to raife it 
five times 28 degrees. Allowance being made 
for the fractions, which have been neglected 
im this illuftration, and for the different ca- 
pacities of ice and water, it will appear, that 
the heat which is extricated by the congela- 
tion of water, is 'precifely equal to that which 
ig abforbed by the melting of ice. It is, 
indeed, perfectly agreeable to the fimplicity 
of nature, that the heat which bodies ab- 
forb in confequence of a change of form, 
fhould re-appear when they undergo a con~. 
trary change. 

Hence we may perceive the reafon of the 
followmg phenomenon, which I believe was 
firft obferved by Dr. Black. If water that is 
freed from air, and which is perfectly at reft 
be expofed to the atmofphere when it is colder 
than 32, it will fink feveral degrees below the 
freezing point, and at the fame time will re- 
tain its fluid form, no part of it being con- 
a gealed. 
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eealed. If it then be flightly agitated, a por- 
tion of it will fuddenly become folid, and the 
temperature of the mixture, now confifting 
of ice and water, will rife to 32. e 

_ The reafon is obvious: water expofed to 
a degree of cold below 32, does not freeze 
without the concurrence of a flight agitation, 
When, therefore, water that had been pre- 
vioufly cooled below 32, is agitated, a part 
of it freezes, and the portion that becomes 
folid gives off a quantity of heat, fufficient 
to raife the whole to the freezing point. 

If the quantity of water, and the tempera-~ 
ture to which it was reduced, previoufly to 
its agitation, be known; and if the quantity 
that is congealed, upon fhaking it, be deter- 
mined, the degree of cold neceflary to freeze 
the whole may be found. 

_ For the fudden freezing of a part of the 
-water in this experiment, arifes from its hav- 
ing been reduced to a lower temperature 
than 32, ptior to its agitation: and fince 
‘effects are proportional to their adequate 
caufes, it is manifeft, that if the temperature 
of the water be more and more diminifhed 
in different experiments, the quantity of ice 

produced by the agitation, will always be 
DES, 
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proportional to the previous deerernent o 
the temperature below the freezing pointt 
Vhat ts, ifa decrement of temperature, as 10) 
below 32, freeze a quantity of the water 
as 1, a double quantity will be frozen by a 
double decrement, and fo in proportion 
Let the quantity of water be called Q, la 
the degree of cold: neceflary to freeze the 
whole he S, let any other degree of cold lefs 
than $ be ¢, and let the ice produced by that 
degree be w. Then m:d:: Q: 8S; and 
if 2, d, and Q., be given, S will alfo be given, 


for it will be equal to — That is, if the 


quantity of ice produced as above by any 
given degree of cold, be determined by ex- 
periment, the degree of cold neceflary to 
freeze the whole, may be found by calcula- 
tion. Whence the comparative heats of ice 
and water will alfo be given: for the com- 
parative heat of water will be to that of Ice, 
as the degree of cold neceflary to freeze the 
whole, is to the heat abforbed by water in the. 
melting of ice. 

It has alfo been proved by Dr, Black, 
that when water is converted into vapour, a 
quantity of heat is abforbed, which is necef- 


7 fary 
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ry to the exiftence of the vapour m the 
form of an elaftic fluid, but which does not 
increafe its temperature. 

_ This ingenious philofopher was firft led t to 
the difcovery of the abforption of heat by 
aqueous vapour, in confequence of an unex- 
pected appearance which occurred in an ex- 
periment made with water at a high tempe- 
rature. A quantity of that fluid having been 
raifed in Papin’s digefter to a temperature 
many degrees above the boiling point, was 
fuffered to communicate with the external air 
by opening a {top cock, upon which a part 
of it was in{tantly converted into vapour, 
and the water at the fame moment fank to 
212. Whence it was concluded, that the 

vapour produced in the experiment abforbed 
a quantity of heat from the water, by means 
of which the temperature of the latter was 
faddenly reduced to the boiling point. ‘The 
truth of this conclufion was afterwards fully 
“eftablithed by the fame philofopher. 

_ The following experiments appear to prove 
‘it i deciivey 

If eight pounds of the filings of iron at 
212, be mixed with a pound of water at 1%, 
the semperature of the mixture will be ots 


12 
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122; the iron will be cooled go degrees, ani 
the water heated go. But if eight pound 
of iron filings at 300, be mixed with a pouns 
of water at the boiling point, the tempera: 
ture of the mixture will be 212, and a parr 
of the water will be fuddenly converted inte 
vapour. If a very fenfible thermometer bo 
fufpended in fuch a manner as to be in cont 
tact with the vapour that is thus produced! 
the latter will alfo be found to have the tem: 
perature of 212. In this experiment, 88 dez, 
grees of heat are feparated from the iron, by 
which a portion of the water is elevated in 
the form of vapour, but its fenfible heat 1s 
not increafed, the mixture having the tem-- 
perature of 212, and the vapour that efcapess 
during the experiment being alfo at the boil- 
ing point. Hence, as the heat feparated from 
the iron is not communicated to the water,, 
it muft neceflarily be abforbed by the vapour.. 
In this conclufion we are confirmed by ob-- 
ferving, that the heat which is thus abforbedl 
is again feparated from the vapour when itt 
is condenfed. i 
- Weare informed by Mr. De Luc, in his: 
Treatife on Meteorology, that the quantity’ 
of heat produced by the condenfation of at 

given) 
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given weight of vapour, as determined by 
_ the experiments of Mr. Watt, would be fuf- 


ficient to raife-an equal weight of a non- 
evaporal fubftance having the fame enpaety 


| .with water, 943 degrees *. 


From the heat which is evolved in the 
_ freezing of water, we may perceive the reafon 
why that fluid, when it is expofed to a degree 
of cold lower than 32, and is at the fame 
time gently agitated by the wind, ceafes to 
cool as foon as it arrives at the freezing point, 
its temperature remaining ftationary, until 
_ ‘the whole is congealed. For it is well known, 
that 32 is the point at which water, in a ftate 
of gentle agitation, becomes folid. When, 
therefore, it is reduced to that point, it 
begins to freeze, and confequently to evolve 
heat.. 

As the evolution of heat in this inftance 
immediately depends upon the congelation, 
it is manifeft, that the quantity of heat 
evolved in a given time, will be in proportion 
to the quantity of water congealed. But 
the congelation of the water arifes from the 
refrigerating power of the ambient medium ; 


* See Idees fur la Meteorologie, tome premier, p. 224. 
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the quantity of water congealed will therefore 
always be proportional to that power. Tf, 
for example, by expofure to a medium 10 de+ 
grees below the freezing point, a quantity, 
as 1, be frozen in a given time, by expofure 
to a medium 20 degrees below the freezing 
point, double that quantity will be congealed 
in an equal time. 

Whence it appears that water, in congeal- 
ing, 1s acted upon by two oppofite powers ; it 
is deprived of heat, by expofure to a medium 
which has alower temperature than 32; and 
it is fupplicd with heat, by the evolution of 
that principle in confequence of the conge- 
lation. As thefe powers are precifely equal 
to each other, the temperature of the freezing 
mixture muft remain unvaried. 

In lke manner as if water at the fame 
moment be permitted to enter into a veffel 
by one aperture, and to efcape from it by 
another ; and if the quantity which efcapes 
be equal to that which enters, the height 
of the water in the veffel will continue 
ftationary. - 

Hence alfo we may perceive the reafon 
why melting ice has a fixed temperature. — 
For fuch 1s the nature of this fubftance, that 

i 
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° ; t ® 
it cannot acquire a greater. heat than 32, 


without becoming fluid ; and it was proved, 


that the water which is formed by the melt- 
ing of ice, abforbs, at the moment of its 


_ formation, a quantity of heat which does 


not increafe its temperature. 


When, therefore, ice is placed in a medium 


warmer than 32, as it cannot rife above that 
point without melting, the heat which it re- 
ceives will be wholly employed in changing 
it into a fluid, and will confequently be ren- 


dered infenfible. | 
To the operation of the fame caufes it is 


owing, that the temperature of water boiling, 


as well as of fteam during its condenfation, | 


is {tationary, the abforption of heat in thefe 
procefles being equal to the fupply. Hence 
it may be inferred in general, that if bodies, 
while they are undergoing a change of form, 


in confequence of expofure to heat or cold, 
have a fixed temperature, they either abforb 


re 


or evolve heat. Moreover, if the tempera- 
ture remain fixed, while the body is expofed 
to a cold medium, we may conclude that it 


is evolving heat; and if, on the contrary, 


the temperature be unaltered, while it is ex- 
| G : pofed 
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poted to a warm medium, we may infer that — 
it is abforbing heat. 

Dr. Black has found that many fab- 
{tances, as tallow, f{permaceti, bees-wax, ro- | 
fin, havea fixed temperature, when they are 
undergoing achange of form, by melting, 
or by congelation. Whence he infers, that 
during the former procefs they abforb, and 
during the latter, evolve heat. 

From thefe facts and obfervations we may 
conclude univerfally, that when bodies, in con- 
sequence of expofure to heat, have arrived at the 
melting or boiling points, they abforb a quantity 
of beat, which ts neceffary to their extftence in 
the flate of non-elaftic fluids, or of vapour, but 
which does not increafe their temperature: and, . 
on the contrary, when vapours are condenfed, 
or non-elafiic fluids are congealed, they part 
with the beat which they bad formerly abforbed. 

The following proportions obtain with re- 
gard to the congelation of fluids, and the | 
melting of folids, as well as to the elevation . 
and condenfation of vapours. | 

It is manifeft, that in the congealing of 
different portions of the fame fluid, if the 
times of the congelation be equal, the quan- — 
tities congealed will be directly proportional 

7 aa to 
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to the power of the cooling caufe, or to the 
velocity of the feparation of heat. If, for 
example, a’ certain quantity of water be con- 
ceived to be frozen by a cooling caufe, which 
{feparates the heat with a velocity as 1, itis 
evident that the velocity of the feparation of 
heat being doubled, a double quantity will 
be frozen in an equal time. 

Let T be the time of the congelation, Q_ 
the quantity of matter, and P the power of 
the cooling caufe. If T be given, Q will be 
as P. Again, if the power of the cooling 
_caufe be given, the quantity congealed will 
be as the times of the congelation ; that is, if 
P be given, Q will be as T; and if neither. 
be given, Q will be as PxT, confequently 
T will be as = and if Q_ be given, T will 
be reciprocally:as P. That 1s, if the quan- 
tities congealed be given, the times of the 
congelation will be inverfely proportional to 
the power of the cooling caufe; in other 
words, the time required to freeze a given 
quantity of the fluid, will be diminifhed in 
proportion as the power of the cooling caufe 
ds increafed. Hence the congelation will be 
momentaneous, or the fluid will be entirely 

2 changed 
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changed into a folid at the fame moment, if 
the power of the cooling caufe be fuch as _ 
inftantly to feparate the whole of the heat 
evolved in ‘the congelation. Moreover, if 
the velocity of the feparation of heat be 
given, the times required to congeal equal 
quantities of different fluids, will be in pro- 
portion to the quantities of heat which they 
give off in the freezing procefs. If, for 
example, the heat given off by water in 
freezing be to that given off by the congela- 
tion of an equal quantity of fpermaceti, as 
2to1; andif the velocities of the feparation 
of heat be equal, the time required to change 
the former into a folid will be double that 
which is required to produce the fame change 
in the'latter: <. 

Hence the quantities of heat evolved by 
the freezing of different fluids may be in- 
ferred from the times of their congelation, 
when they are expofed to cooling caufes, the 
powers of which are equal. 

It was before proved, that if bodies retain 
the fame form, their capacities for heat are 
not varied by a change of temperature. 
From the experiments of Dr. Irvine, there 
is the utmoft reafon to believe, that if by a 


change 
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_ change of temperature the forms of bodies be 
altered, their capacities for heat are increafed 
or diminifhed, in confequence of which they 

mutt neceflarily abforb or evolve heat. And 

thus the celebrated difcovery recited above, is 
traced to a general law of nature. I fhall 
not, however, enter more particularly into 
this fubje@t at prefent, but fhall leave the 
farther illuftration of it to the learned Philo- 
fophers to whom the honour of the difcovery 
is due. 

V. Unequal quantities of abfolute heat are 
required to produce equal alterations of tem- 
perature in equal weights of heterogeneous 
bodies. ! 

Thus if the temperature of a pound of 
mercury be raifed one degree, and that of a 
pound of water one degree, as indicated by 
an equidifferential thermometer, it will be 
found that unequal quantities of abfolute 
heat have been communicated to the water, 
and to the mercury. 

It has been thought by fome Philofophers, 
that the quantities of abfolute heat in bodies 
are in proportion to their denfities. Boer- 

haave was of opinion, that heat 1s equally 

diffufed through all bodies, the denfeft as 
| ¢- 3 | well 
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well as the rareft, and therefore that the 
quantities of heat in bodies arein proportion 
to their bulk. 

But it appears from experiments, that the 
law of the diftribution of heat throughout 
the various claffes of natural bodies, 1s not 
according to ‘the ratio either of bulk ‘or 
denfity. 

The firft attempt to determine ‘by experi- 
ment ‘the comparative quantities of abfolute 
heat in bodies, was made by Fahrenheit, at 
the defire of Boerhaave. 

The following is a fhort ‘fketch of this 
attempt, nearly in the words of ‘the 
author : | 

If you take equal quantities of the fame 
fluid, and give them different degrees of heat, 
and mix them intimately together, the ‘tem- 
perature of the mixture will be the arithmeti- 
cal mean between the heat of the warmer and 
colder fluid. 

If, for example, a pint of boiling water at 
212, be mixed with a pint of the fame fluid - 
at 32, the temperature of the’ mixture will 
be 122: the warm water will be cooled go 
degrees, and the cold water heated go. 


But 
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But if this experiment be made with water 
and mercury, in the fame circumitances, the 
effect will be very different. 

For if you take equal bulks of mercury 
and water, and give the water a greater-de- 
eree of heat than the mercury, the heat of 
the mixture will always be greater than the 
arithmetical mean. | 

On the other hand, if the mercury be hot- 
ter than the water, the temperature of the 
mixture will conftantly be /e/s than the arith- 
metical mean. ‘The changes which are pro- 
duced in the temperature of the water and 
mercury, in the firft of ‘thefe inftances, are 
found to correfpond to thofe which are pro- 
duced, by mixing three parts of hot water 
with two of cold; andin the fecond inftance, 
to thofe which take place, when three parts 
of cold water are mixed with two- of hot. 
That is, the change produced in the heat of 
the mercury, is to that produced in the heat 
of the water, as three to two. 

From the former of thefe experiments it 
was juftly concluded by Boerhaave, that in 
the fame body, the diftribution of fire is in 
proportion to the bulk or quantity of 


“matter, | 
G 4 _ But 
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But from the experiments with water and 
mercury, he concluded very unwarrantably, 
that heat is equally diffufed through al! bodies, 
the denfeft as well as the rareft; and there- 
fore that the quantities of heat in different 
bodies, are in proportion to their bulks, or 
to the {paces which they occupy. 

Thefe experiments have been repeated and 
varied in the prefent age, and very different 
conclufions have been drawn from them. 

I have already obferved, that, if a pint of 
mercury at 100, be mixed with an equal 
bulk of water at 50, the change produced in 
the heat of the mercury, will be to that pro- 
duced in the heat of the water, as three to 
two; from which it has been inferred, that 
the abfolute heat of a pint of mercury, 1s to 
that of an equal bulk of water, as two to 
three: or, nother words, that the compara- 
tive quantities of their ab/olute heats are reci- 
procally proportionable to the changes which 
are produced in their /en/id/e heats, when they 
are mixed together at different temperatures*. 


* This fa&t has, for feveral years, been taught publick- 
ly by Dr. Black and Dr. Irvine, in the Univerfities of 
Edinburgh and Glafgow: and it has been applied by Dr. 
Trvine, to the folution of a variety of curious and important 
phenomena, | 


The 
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The truth of this. conclufion may be alate 
trated in the following manner. — 

If four pounds of diaphoretick antimony 
at 20, be mixed with one pound of ice at 
32, the temperature of the mixture will be 
nearly 26. ‘The ice will be cooled fix de- 
grees, and the antimony heated fix. If we 
reverfe the experiment, the effect will be the 
fame. That is, if we take fix degrees of heat 
from four pounds of antimony, and add it 
to a pound of ice, the latter will be heated 
fix degrees. The fame quantity of heat, 
therefore, which raifes a pound of ice fix 
degrees, will raife four pounds of antimony 
fix degrees. 

If this experiment be made at iter tem- 
peratures, we {hall have a fimular refult. If, 
for example, the antimony at 15, or at any 
given degree below the freezing point, be 
mixed with the ice at aa, tne dieat op -tixe 
mixture will be the arithmetical mean_be- 
tween that of the warmer and colder fub- 
{tance. And fince the capacities of bodies 
are permanent as long as they retain the 
fame form, we infer, that the refult would 
be fimilar, if the antimony were deprived 
‘of its whole heat, and were mixed with 
6 the 
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the ice at 32. But it is evident, that, in 
this cafe, the ice would communicate to the 
antimony the half of its abfolute heat. For, 
if 200 below froft, be conceived to be the 
point of total privation, the antimony will 
be wholly deprived of its heat, when its tem- 
perature is diminifhed 200 degrees below 32 ; 
and the heat contained in the ice, when at 
32, will be zoo degrees. If we now -fup- 
pofe them to be mixed together, the tempera- 
ture of the mixture will be half the excefs of 
the hotter above the colder; or the ice will 
be cooled 100 degrees, and the antimony 
heated 100. The one half of the heat, there- 
fore, which was contained in the ice, previ- 
oufly to the mixture, will be communicated 
to the antimony: from which it is manifeft, 
that, after the mixture, the ice and antimony 
muift contain equal quantities of abfolute 
heat. 

To place this in another light, it has been 
proved, that the fame quantity of heat which 
raifes a pound .of ice fix degrees, will raife 
four pounds of antimeny fix degrees. And 
as the capacities of bodies, while they retain 
the fame form, are not altered by a change 
of temperature, it follows that the fame 
quantity 
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“Quantity of heat which raifes the ice 200 de- 
grees, or any given number of degrees, will 

-raife the antimony an equal number of 
degrees. 

A pound of ice, therefore, and four pounds 
of antimony, when at the fame temperature, 
contain -equal quantities of abfolute heat. 
But, it appears from the third general fact, 
that four pounds of antimony contain four 
times as much abfolute heat, as one pound 
of antimony; and hence the quantity of 
abfolute heat in a pound of ice, is to that 
in a'pound of antimony as four to one. 

Again, if a pound of ice at 32, be mixed 
with a pound of antimony at 7, the tem- 
perature of the mixture will be 27; the ice 
will be cooled five degrees, and the antimony 
heated 20; or the change produced in the 
fenfible heat of the ice, will be to that pro- 
duced in the fenfible heat of the antimony, 
as one to four. But it was before proved, 
that the abfolute heat of a pound of ice, is 
to that of a pound of antimony, as four to 
one. From which it is evident, that the 
comparative quantitics of abfolute heat, in 
equal weights of ice and antimony, having 
the fame temperature, are reciprocally pro- 

portionable 
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portionable to the changes produced in their 
_fenfible heats, when they are mixed together 
at different temperatures *. 

This conclufion appears to be juftly de- 
duced from the premifes. The reafoning 
which has been employed to eftablifh it, is _ 
founded upon the neceflary proportion and 
connestion between caufes and effects, and 
is altogether independent of any hypothefis 
refpecting the nature of heat. 

It may be confidered as a particular ap- 
plication of the following univerfal theorem. 
If equal caufes, operating upon different 
clafles of bodies, produce unequal effects, in 
order to the production of equal effects, un- 
equal caufes will be required: in other words, 
if the effects vary when the caufes are equal, 
the caufes will vary when the effects are 


* T have thus endeavoured briefly to eftablith the truth 
of the above doétrine, as a neceffary introduétion to the 
experiments which follow; but the more full and complete 
illuftration of it I fhall leave to Dr. Black and Dr. Irvine. 

This difcovery opens a wide field for inveftigation, as 
by means of it we are enabled to eftimate the comparative 
quantities of abfolute heat in bodies, and to determine with 
certainty and accuracy, the various proportions in which 
the element of fire is diftributed throughout the different 
kingdoms of Nature, 


equal ; 
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equal; and if, in each clafs of bodies, the 
effect be proportional to its caufe, the varia- 
tions of caufes and effects, in the different 
claffes, will be reciprocally proportional to 
each other. The proof is the fame with that 
of the foregoing propofition, fubitituting the 
term effect for temperature, and the term 
caufe for abfolute heat. 

This reafoning will apply not only to the | 
inveftigation of the comparative heats of 
bodies, but alfo to all other branches of 
knowledge in which the above-mentioned re- 


‘ciprocation of caufes and effects takes place. 


It may be extended, for example, to men- 
ftruums and folvends in chymiftry, to forces 
and the motions produced by them, in na- 
tural philofophy, as well as to the diminutions 
of forces, and the powers by which they are 
diminifhed. Thus let A and B be two 
bodies, and let C bea moving force; let this 
force be fuch, that the double, treble, qua- 
druple, or i, +, 1, of itmay betaken. The 
quantities of the moving force required to 
produce equal velocities in A and B, will be 
reciprocally as the velocities communicated. 
to thofe bodies when the moving forces are 
equal. This neceflarily follows from what 


has 
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has been demonftrated by natural Philofo- 
phers refpecting forces, and the velocities 
which they communicate. For let equal 
forces be applied to A and B, and let the 
velocity of the former be to that of the latter, 
as 2 to 1; fince, by the fecond law of na- 
ture, in the motions communicated to the 
fame body, the forces are as the velocities, 
if the velocity of A be conceived to be dimi- 
nifhed the one half, or to become equal to 
that of B, the force required to produce this 


velocity will be diminifhed in the fame pro- 


portion ; confequently when A and B move 
with equal velocities, the force applied to the 
' former will be half of that applied to the lat- 


ter. Hence it appears, that if with equal 


moving forces, the velocities be as 2 to 1, 
with equal velocities, the moving forces will 
be as 1to2. The fame reafoning will apply 
to menftruums and folvends. 

Thus let A and B be two menftruums, 
and let C be a fubftance to be diffolved in 
them; let the degrees, by which A and B ap- 
proximate to faturation by given additions of 
the folvend, be fuppofed to be known. If we 
find in the feveral intermediate degrees, be- 
tween the points of faturation and of total 

| | privation, 


bY 


t 


uPpON ANIMAL Heat, &c. 9 


privation, that the fame quantity of the 
folvend which makes A approximate one de- 
gree towards faturation, will make B ap- 
proximate two degrees, we may conclude that 
the difiolving power of the former 1s to that 
of the latter, as 2 to 1;. and if A and B be 
both faturated, or have made equal ap- 
_ proaches towards faturation, the quantity of 
the folvend contained in A will be double 

_. that contained in B. 

Thus it appears, that the comparative 
quantities of abfolute heat in bodies may be 
determined, by mixing them together as 
above, and obferving the changes which are 
produced in their fenfible heats. This rule, 
hewever, does not apply to thofe fubftances, 
which, in mixture, excite fenfible heat or 
cold by chemical action. 


oe Ae Ae Uh 


Having premifed thefe general facts, 1 
fhall now lay before the reader my Experi- 
ments on Animal Heat, and the Inflamma- 
tion of Combuftible Bodies. 

It was obferved above, that fenfible heat 
has a confiant tendency to diffule itfelf equal- 
| a 
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ly over all bodies, till they are brought to the 
fame temperature. From this property of 
heat, it 1s manifeft, that thofe animals which 
have a higher temperature than the medium 
in which they live, muft be continually com- 
municating heat to the furrounding bodies. 
Since therefore, in the animal kingdom, there 
is a conftant diffipation of heat, it follows, — 
that there muft be a proportionable fupply of 
this element, to repair the wafte. For, if 
the animal body had not the power of excit- 
ing or collecting heat, it would foon arrive 
at the temperature of the ambient medium. 
With a view to difcover the nature of this 
power, I made a variety of experiments, in 
the fummer 1777, on animal, vegetable and 
mineral fubftances; fome of which I fhall 
now relate, as I think they have led to the 
true fource, from whence the heat of ‘ani- 
mals, and the heat which is produced by 
the inflammation of combuftible bodies, is 
derived. | 
I mutt firft obferve, that experiments for 
determining the comparative quantities of 
heat in bodies, by mixing them together at 
different temperatures, are lable to feveral 
caufes of inaccuracy. 1. When the fub- 
{tance 
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ftances to be compared, are mixed ‘together, 
a certain time is required for the heat‘to-pafs 
from the warmer to the colder body, till 
they arrive at the fame temperature: If they 
_ be zutimately raixed, and the veflel be a little 
agitated, a minute is generally fufficient. 
During this interval, a part .of the heat is 
carried off by the furrounding atmofphere. 
It therefore becomes neceflary, to calculate 
‘the. heat which is thus loft in the firft 
minute. 

It was formerly residence: that when a 
heated body is placed in_a cold medium, the 
decrements of heat are partly equable, and 
partly in geometrical progreffion. If the 
body tranfmit heat very faft, and its tem- 
perature be much greater than that of the 
ambient medium, the decrements are nearly 
jn geometrical progreffion, agreeably to the 
rule laid down by Sir Ifaac Newton; the 
error produced by calculating according to 
this rule being fo inconfiderable that it may 
be neglected. ws 

On the contrary, when the experiment is 
made in a veflel that tranfmits heat very 
flowly, and the heat of the fubftance to be 
examined is not much greater than that of 
| | H the 
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the atmofphere, the quantities of heat. loft 
in any two {mall fucceffive portions of time, 
approach fo nearly to an equality, that the 
difference cannot be diftinguifhed by the 
niceft thermometer. That this obfervation 
is well founded, appears from the following 
‘experiment : | 

A pound of water in an earthen vefiel, be- 
ing raifed to 120, the temperature at the 
end of 


I minute was — 11g. 
2 Se 118. 
3 = —— 117 
4. -_ —— 116 
5 owe og 4 
6 on — 1i4 
w ait a 113 


In the experiments which I fall hereafter. 
relate, the a of cooling was obferved for 
feveral finutes. When the decrements of 
heat. were found to be fenfibly different from 
each other, the heat loft in the firft minute 
was calculated according to Sir Ifaac New- 
ton’s rule, fr om the feries of numbers deter- 
* thined by obfrvation. 

But in general the experiments were made 
der fach circumftances, that the heat 
: | paffed 
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paffled off very flowly; in which cafe the 
difference between the decrements is fo {mall, 
as not to be diftinguifhed by the eye. And, 
therefore, the heat loft in the firft minute 


“may; without any fenfible error, be confi- 


dered as equal to that loft in thofe which 
immediately follow. 

I muft here obferve, that Pebatieve Dr. 
Irvine was the firft who applied the above- 
mentioned rule of Sir Ifaac Newton, to cal- 


‘culate the heat loft during the firft minute, 


In experiments for determining the com- 
parative quantities of heat in bodies. 

av If the experiment be made by adding 
the warmer fubftance to the colder, the for- 
mer will lofe a part of its heat in paffing 


through the air. ‘To avoid this caufe of in- 


4 accuracy, the experiment fhould be reverfed 


the colder fubftance fhould be taken at the 


temperature of the air in the room, and in 
that ftate being mixed with the warmer, it 
cannot, during its paflage through the alr, 


—lofe any part of its heat. 


3. If the fubftance, which has the create(t 
heat, be mixed with that which has the leaft 
in, acold vefiel, a part of the heat will be | 
communicated to the veflel. But if the ex- 

, Hi 3, periment 
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periment be made in a warm veffel, the cold 

fubftance will receive heat, not only from 

the warm fubftance, but from the veffel in 
which it is-contained. 

The moft effectual method of avoiding this 
caufe of inaccuracy, is firft to determine the 
capacity of the veflel for receiving heat, com- 
pared with that of one of the fubftances to 
be examined ; and the capacity of the veffel 
being known, its influence upon the tem- 

perature of the mixture may be found. Let - 

4 pound of water, for example, be one of the 
fubftances; whofe comparative heat is to be 
examined ; and let the capacity of the water 
be to that of the veflelas 12 to 1. If in any 
experiment we find that the veffel has re- 
ecived 12 degrees of heat from a pound of 
water, we may be fure that the feparation of + 
this heat has cooled the water one degree. 

4. In experiments for detérmining the . 
comparative quantities of heat in bodies, 

- water is generally the ftandatd. When the 
body, which is to have its heat compared 
with that of water, tranfmits heat very flow- 
ly, it frequently happens, that the different 

parts of the mixture cannot be brought pre- 

cifely to the fame temperature for feveral | 


minutes. 
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minutes. Thus I find that in experiments 
upon vegetables and the calces of metals, 
there is a confiderable difference, at the end 
of the firft minute, between the heat of the 


-. mixture at the furface, and that at the bot- 


tom of the veffel; arifing partly from. the 
tendency of the warmeft part of the water to 
remain at the furface, and partly from the 
dificulty with which the above - mention- 
ed fubftances tranfmit heat. This may be 
remedied in fome degree, by mixing the 
‘bodies together intimately, and agitating the 
mixture brifkly. But by much agitation, 
the heat is carried off fuddenly and irregular- 
ly, which makes it difficult to calculate the | 
heat that 1s loft in the firft minute. 
_. To remedy this caufe of error, a moderate 
_ agitation fhould be uféd, and the experiment 
fhould be made, in fuch circumftances, that 
the mixture fhall cool very flowly, in order 
that as fmall a portion of the heat as poffible 
‘may efcape, while its parts are acquiring.a 
common temperature. | 
The mixture may be made to “cool flowly, 
if the fubftances, that are to be mixed toge- 
ther, be taken in confiderable quantity, and 
if the vefiel in which the mixture is contain- 
#13 ed 
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ed be furrounded on all fides with a covering 
that flowly tranfmits heat. 

It is moreover evident, that the mixture 
will cool flowly if its temperature do not 
much exceed that of the external air. The 
excefs of the temperature of the mixture 
above that of the furrounding air, all other 
circumftanees being equal, will be in pro- 
portion to the difference between the tem- 
perature of the colder and warmer fubftance, 
the former being fuppofed, previoufly to the 
experiment, to have the fame heat with the 
ambient medium. It is, therefore, proper, 
with a view to diminifh the velocity of the 
refrigeration, that the warmer fubftance 
fhould not be raifed to a very high tempera- 
ture. Onthe contrary, if the difference be- 
tween the heat of the warmer and colder fub- 
ftance be very {mall, thofe fubftances will fuffer 
‘but. little alterations in their temperatures 
when they are mixed together. But thefe al- 
terations are the meafures of the capacities ; 
_andif the meafures of the capacities be great- 
ly: diminifhed, it 1s manifeft that the un- 
avoidable errors, which are produced by the 
imperfections of the fenfes, and of thermo- 
meters, will render the refults of the experi- 

gt” “ ) b 1énts, 
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ments, and the ‘calculations which are de- 

duced from them, precarious. 
Hence it follows, that in trials made with 

a view to determine the comparative heats of 

bodies by mixture, very fmall-as well as very 
great differences of temperature fhould be 
avoided. There is, however, a certain limit 
between thefe extremes which will be leaft 
- liable to error; and this limit is to be deter- 
mined by varying the difference between the 
_ femperatures of the colder and warmer fub- 
{tance in different experiments, and obferving 
thofe refults which moft nearly coiricide with 
each other. If accurate thermometers be 
ufed, and if the other fources of fallacy be 
earefully avoided, the refults of the trials, 

made with confiderable variations of tem- 
perature, will be nearly the fame, as appears 
from the following experiments : 


EXPERIMENT I, 


Air in the room — 65 
Thirty-fix ounces troy of water, at 12 3 
were introduced as fpeedily as 
potfible into an earthen veffel at 65.2 
“The temperature of the water was meafured 
by a thermometer, which had the mercury 


oe oe con- 
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contained in a fmall cylinder, that reached 


~ from the furface to the bottom. 


At the end of 


1 minute it was — 116.2 

2 — ~ Li5.4 

2 — — T1465 
4. — _— 114 minus. 
5 —< ans 113-5 

6) =. —, 113 


The veffel in which this experiment was 
made weighed 30 ounces and 3 troy. It was 
three inches and *% in diameter, and nine 
inches in depth. | 

From the experiment it appears, that the 
water loft in the courfe of the fecond minute 


_a little more than a-degree, and in the four 


fucceeding minutes it cooled very nearly at 
the rate of half adegreeina minute. Hence 
it follows, that the water and the veflel had 
not acquired a common temperature till the 


fecond minute was expired, the earthy mat- 


ter of which the veilel was compofed being a 
bad conduétor of heat, and its thicknefs be- 
ing nearly one fourth of an inch. As the 
heat loft, when the progrefs of cooling be- 
came regular, was half a degree during each 
minute, we may fafely conclude, that the 

quantity 
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quantity of heat carried off by the air, in the 
firft and fecond minutes, was nearly one de- 
gree. Adding therefore one degree to 115.1, 
~ which was the temperature of the water at 
the end of the fecond minute, we have 116.1 
for the true temperature of the water and 
-veffel. Subtracting this from 123 we have 
6.9 for the remainder. The water was there- 
fore cooled by the veffel 6.9. The veffel was 
raifed from 65.2 to 116.1 or 50.9; and fince 
it received this heat from the water, it is 
evident that the fame heat which changes the 
temperature of 32 ounces of water 6.9, will 
change the temperature of the veflel 50.9. 
And, by a parity of reafoning, the fame heat 
which raifes the water one degree, will raife 
the vefiel 7.37. The capacity of the water 
is confequently to that ef the vefiel as 7.37 
to I. 


EXPBRIMENT II. 


Air in the room — 65 
Thirty-two ounces of water 

at — Perry 
were poured into the earthen 

veflel at — 65.25 


The 
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~The temperature of the 


water in 

_-1 minute was ro Dh 141 plus 

2 minutes — 139-75 

3 xe — 138.5 

ee ~s eT 137-5 

5 =F ar 136.5 

6 = ais 135.5 

7 a “ 134.5 plus 
8 —— mee 133.7 plus 


After the third minute was expired, the 


progrefs of cooling was nearly one degree in 


aminute. If, therefore, we allow three de- 
grees for the heat carried off by the air dur- 
ing: the firft three minutes, we fhall have 
3141.5 for the true temperature. 

_- Hence it appears, that the water was cool- 
ed by the vefiel 10.25, and the veffel heated 
by the water 76.25. By this experiment the 
capacity of the water was to that of the veffel 
AS 7.3 38tO I. 


ExPERIMENT III, 


Air in the room wns 6658 ¢ 
Thirty-two ounces of water at 179 
were poured into the earthen veffel 
at me 66.5 
In 


-* 
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In 1 min. the temperature was 164.4 


2 om ~— BER: 

3 —_ — 160.6 

* Ee = 159 

5 ste oT 157-5 

6 — — 156 plus 
— — 154.6 


_ After the third minute was expired, the 
progrefs of cooling was nearly 1.5 during 
each minute. If we allow 4.5 degrees for 
the heat lof in the firft three minutes, we fhall 
have 165.1 for the true temperature. The 
water was confequently cooled by the veflel 
' 13.9, and the veflel heated by the water 98.6. - 
By this experiment, therefore, the capacity 
of the water is to that of the veflelas 7.09 to 
1. Hence it follows, that when the dif- 
ference between the temperature of the wa- 
ter and veflel previoufly to the experiment is 
 increafed, the capacity of the former compar- 
_ ed with that of the latter, 1s apparently dimi- 
nifhed. The reafon is obvious: in propor- 
tion as the water is raifed to a higher tem- 
perature, more heat efcapes during its paf- 
fage through the air; and if allowance be 
not made for this difference, a greater quan- 
tity of heat will appear to be feparated by the | 
a | vetlel. 
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veffel. It is manifeft, however, from the 
near coincidence of the refults of the two 
firft experiments, that the fallacy arifing from 
this caufe, when the water is not raifed to a 
high temperature, is inconfiderable. 

It was before obferved, that the mixture 
will cool flowly if its temperature do not 
much- exceed that of the external air. It 
may be proper to add, that if the colder fub- 
{tance be taken at a lower temperature than 
the air in the room, and the warmer fub- 
{tance at a higher; and if the difference of 
their heats be fo proportioned, that the com- 
mon temperature, after they are mixed to- 
gether, fhall be nearly the fame with that of. 
the air in the room; the fallacy, arifing 
from the refrigeration of the mixture, will 
be altogether avoided, at the fame time that 
a large aie may be obtained. 

5. The volumes of the fubftances, which 
are to have their heats compared, fhould be 
as nearly equal as pofiible. For if the vo- 
lumes be unequal, as the feveral parts of the 
warmer and colder fubftances cannot be 
brought into immediate contact with each 
other, the difficulty of diffufing the heat 
uniformly over the mixture will be increafed. 


oe 
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Let water, for example, and fand, be the 
fubftances which are to have their compara- 
tive heats examined. If the volume of the’ 
fand be lefs than that of the water, the depth 
of the latter, when they are mixed together, 
will exceed that of the former; and if it be 

greater, the reverfe of this will take place. 

‘In both cafes it will become more difficult to 
_ bring the fand and water to a common tem- 
perature. 

_ If the volume of the water exceed that of 
the fand, and if, in repeating the experi- 
ment, the comparative bulks of thefe fub- 
{tances be varied, an equal degree of agita- 
tion being given to the mixture, the capacity 
of the water, compared with that of the fand, 
as determined by a thermometer which reaches 
from the furface to the bottom, will appear . 
to diminifh when the volume of the fand is 


diminifhed. This is proved by the following 
experiments : 


EXRPrRIMENT bE 


Air in the room _ — 49 
Thirty-eight ounces of common 
fand at —_ — oi; 


oa Mixed 
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Mixed with 16: ounces of wa- 
ter at — — 149 

The mixture being agitatedfora * 
fhort time, its temperature in 


I minute was — 117: 

2 ~— _— 117% 

3 oe — 117% 

4. —— —— 1162 . 
5 ae 116% * 
6 — — lige 

, — a II5% ; 
8 — — 115 plus 

9 — == 1142 

10 — ~— 114% plus 


EXPERIMENT II. 


Air in the room ~~ 61.5 
‘Twenty-two ounces of com- 

mon fand at — 62} 
Mixed with 22 ounces of — 

water at — 143 plus 


The mixture being agitated as 
before, its temperature in 


I minute was — 128 minus 
2 — — 1297 minus 
3 oad soe 127. minus 


4 min utes) 
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i wm 
4 fenutes was ave 126: 
5 yaa wy 125% 
8 — meses 122: 
Thy ee wen 120: 
132 — — 119: 


The agitation given to the mixture in 
both experiments was nearly equal. I found 
from fubfequent trials that the heat imparted 
to the air by the agitation was nearly one 
degree. The experiments were made in the 
fame veffel, the heat of the mixture was mea- 
fured by cylindrical thermometers, that reach- 
ed from the furface to the bottom, a fmaller 
thermometer being ufed for the firft experi- 
ment than for the fecond. Allowing one 


degree for the heat loft during the firft mi- 


nute, the capacity of water will be to that of 


the fand, by the firft experiment, as 5 to 1; 


and by the fecond as 4.7 to 1. Thus it ap- 
pears, thatin the foregoing experiments with 
fand and water, the capacity of the latter 

was 


a 
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ee 


was apparently diminifhed, when te com~-— 
parative bulk of the former was diminifhed. 

This fallacy arifes from the increafed dif- 
ficulty of bringing the water and fand toa 
common temperature. For as the capacity 
of water is greater than that of fand, when 
thefe fubftances are mixed together, the com- 
mon heat of the mixture will be nearer to 
the original temperature of the water than to 
that of the fand. If the fand and water be 
not brought to a common temperature, in 
other words, if the temperature of the water 
at the furface exceed that of the fand at the 
bottom, a cylindrical thermometer, the length 
of which is equal to the depth of the mix- 
ture, will give a degree of heat that 1s inter- | 
mediate between the temperature at the fur- 
face at the bottom. 

But this intermediate temperature will be 
lefs than that which would be produced, by 
bringing the fand and water to a common. 
heat; becaufe as the capacities are different, 
if the parts of the mixture were reduced to a 
common heat, the increafe in the tempera- 
ture of the fand would be greater than the - 
diminution in that of the water. 

Hence 


ag 


sepecrn he Nas 
Ber eS, ome thas 
Py if ‘ ee Be 
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Hence the water will be feemingly more 
refrigerated, and the fand lefs heated; and 
confequently the relative capacity of the for- 
mer will appear to diminifh, and that of the 
latter to increafe, in proportion as the heat 
is more unequally diffufed over the mixture ; 
and fince the inequality in the bulk of the 
fubftances compared contributes to a more 
‘unequal diffufion of the heat, it follows, 
that an increafe in the excefs of the volume 
of the water above that of the fand, all 
other circumftances being equal, mutt be ac- 
companied with an apparent diminution in 
the relative capacity of the water. Hence, 
by taking volumes perfectly equal, we fhall 
have the limit at which the relative capacity 
of water will appear to be the greateft, and 
which will confequently give us a refult that 
will approach neareft to the truth. For in 
that cafe the above-mentioned caufe of fal- 
lacy, tending to make the apparent propor- 
tion of the capacity of water to that of fand 
—lefs than the rea/ proportion, will be moft 
effectually avoided. 

From the foregoing obfervations it fol- 
lows, that, in experiments for determining 
_ the comparative heats of bodies by mixing 
mt , I -them 


ee a. ee ee ee Fae 
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them together at different temperatures, if all 
other circumftances be equal, the compara- 


tive heat of that which has the greater capa- 
city will appear to diminifh in proportion as 


the heat is more unequally diffufed over the | 


mixture. And as folid bodies have lefs capa- 
cities for heat than water, it likewife ap- 


pears, that in experiments for afcertainmg — 


the capacities of fuch bodies by mixing them 


with this fluid, if the latter have the greater - 


volume, the relative capacity of the water, 
as determined by a cylindrical thermometer 
which reaches from the furface to the bot- 


tom of the mixture, will be apparently dimi- | 


nifhed by an unequal diftribution of the 
heat. 

It is mantfeft, that, in all eafes, the faci- 
lity of promoting an uniform diffufien of the 
heat will be increafed, by bringing the parts. 
ef the colder and warmer fubftances clofely 
ito contact with each other, which will be 


mott eafily accomplifhed by mixing them in — 


equal volumes, and by fubdividing the folids 
into minute parts. 

If the caufes of fallacy, now explained, be 
carefully avoided; if the fubftanees, which 
are to have their heats examined, be ufed in 


fuch 


ee ot a 
2 : an 
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rl aeniabies, and placed in fuch a fitua- 
tion, after they are mixed together, that they 
fhall cool very flowly ; if, at the fame time, 
the difference of their temperatures be fuch 
as to afford a fcale fufficiently large; if the 
heat be uniformly diffufed over the mixture; 
and its temperature exactly afcertained, the 
refults of different experiments will nearly 
coincide with each other, and the compara- 
tive heats will be determined with a-degree of 
accuracy which will approach near to the 
truth. | 3 

It is proper to add, that though confider- 

able variations fhould occur in the refults of 
different experiments, yet the general con- 
clufions deduced from them may, in many 
cafes, be as certain as if they admitted of 
perfect precifion. ‘Thus if the capacity of 
the calx.of iron, for receiving and communi- 
cating heat, be compared with that of iron ; 
and if we-find in a variety of trials that the 
proportion of the former to the latter is 
never greater than 43 to 1, and never lefs 
than 34 to 1, we may conclude with the ut- 
moft certainty, that the capacity of the calx 
confiderably exceeds that of the metal; and 
moreover, if the experiments have been made 
_ with proper care, and have been frequently 
32 repeated, 
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repeated, we fhall have good evidence for be- 
lieving that the exact ratio of the capacities of 
thefe fubftances 1s in fome of the interme- 
diate points between the extremes; that is, 
between the proportions of 24 to 1, and of 
4% tor. If, however, as was before remark- 
ed, the above-mentioned fources of fallacy be 
obferved with attention, and carefully avoid- 
ed, we fhall have a near coincidence in the 
refults of different trials. 

With thefe precautions the following ex- 
periments were made to determine the com- 
parative heats of fome of the moft common 
vegetable and animal fubftances, water be- 
ing ufed as a ftandard. 


Ex? ER Fi ENT 


Airintheroom — 64 
Twenty-two ounces of dried 7 
~ wheat — 63.7 -plus 
Mixed with 20 ounces of wa- 

a storsat — 120 . 

Temperature of the mixturein . . . 

2 minutes was Span) + Tou 7 plus 
3 ets Ba plto LONE 


4 = oe es 106 
| 5 mi- 
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5 minutes — 101.6 

6 om a 1SE.s 

7 ao aa 101.5 

Si oh — ior.5 minus 
9 — oa 101.5 minus 
eer — — Tor.4 minus 
11 — — 101.3 

52 — =. 101.3 
13 — —— 101.2 plus 
14 a aa FOL.Z 
16: ae - IO] 


The parts of the mixture being brought 
by agitation to a common temperature, the 
mean heat at the end. of the 22d minute 
was 98.5. 

The mixture was agitated during the firft 
minute by means of a rod 12 times: its 
temperature was meafured by a thermometer 
which reached from the furface to the bot- 
tom: the quantities of wheat and water were 
fo proportioned that the volumes fhould be 
nearly equal. The cold wheat was poured 
into the veffel containing the warm water. 
The veffel was placed on a flip of flannel, 
and its mouth was covered with flannel, to 
prevent the accefs of the air in the courfe of 
the experiment. : 

| I 3 it 
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It appears, that the mixture from the end 
of the fecond to that of the ninth minute 
Joft three-tenths of a degree, and from the 
end of the ninth to that of the fixteenth, it 
loft fix-tenths of a degree. ‘The velocity of 
the refrigeration was therefore accelerated : 
for which the following caufes may be af- 
figned: when a body, that tranfmits heat 
flowly is expofed to a medium colder than 
itfelf, it cools more quickly at the furface 
than at the center; in confequence of 
which, a-difference of temperature will arife 
in thofe parts . of the mixture. This diffe- 
rence will, fora certain length of time, con- 
- tinue to increafe, and during that time. 
the progrefs of cooling at the center will 
be accelerated. For it is manifeft, that,. 
in the cooling procefs, the particles at the 
furface are continually receiving heat from 
thofe at the center, and giving off heat to the _ 
external air. During the firft moments of 
the refrigeration, as there is but little dif- 
ference between the temperature of the par= 
ticles at the center and of thofe at the fur- 
face; the tranfmiffion of the heat from the 
former to the latter 1s very flow. But the i 
particles at the furface will at this time # 

cool 
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cool moft fpeedily, becaufe the difference be- 
tween their temperature, and that of the 
furrounding air, 1s greater than at any other 
period of the refrigeration. Since, there-_ 
fore, the particles at the furface, in the be- 
ginning of the cooling procefs, receive heat 
flowly from the center, and are, at’ the 
fame time, quickly deprived of heat by the 
external air; the feparation of that principle 
from thofe particles, will, during this part 
of the procefs, exceed the fupply. ‘The dif- 
ference between the temperature at the center 
and at the furface will confequently increafe, 
and the velocity of the refrigeration at the 
center will be accelerated. But the rate of 
cooling at the furface is retarded, in propor- 
tion as the body approaches more nearly to 
the temperature of the ambient medium; 
and this retardation will gradually operate ta 
diminifh the rate of cooling at the center. 
Hence, in the foregoing experiment, the 
refrigeration at the center was flow at firft, 
and was gradually accelerated for a certain 
length of time, till it arrived at a maximum, 
after which it began to be retarded. 
From the difference between the heat at 
‘the furface and at the center, we may ac- 
I4 : count 
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count for the fudden diminution of tempera- 
ture when the. mixture was agitated at the 
end of the 16th minute. For the thermo- 
meter, previoufly to the agitation, indicated 
the heat at the center which was the warmeft 
part of the mixture. And, therefore, when 
the feveral parts were brought nearly to 
a common heat, the thermometer fank 2} 
degrees. | 

It will hereafter appear, that when the 
parts of the mixture were previoufly brought 
to a temperature perfectly uniform, it loft 
by an agitation equal to that given to it, in 
thefe inftances, half a degree. Allowing, 


therefore, half a degree for the heat fe- 


parated by the agitation in the courfe of 
the 22d minute, we fhall have gg for the 
mean temperature at the end,of the ex- 
periment; but the mean heat at the 
termination of the 2d minute was 1o1.7, 
hence the heat imparted to the air in 21 mi- 
nutes was 2.7. If we fuppofe the mean rate 
of cooling during that time to be uniform, 
a fuppofition, which as the refrigeration was 
very flow, will be nearly accurate, we fhall 
have .12 for the heat loft in each minute. 


Con- 
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Confequently we have ror.g4 for the mean 
heat at the end of the firft minute ; and if half 
a degree be added on account of the heat loft: 
by the agitation at the beginning of the pro- 
cefs, the true temperature will be 102.44. 
The original heat of the wheat was 63.7 


That of the water : ried gl eee 
The wheat was therefore raifed . . 38.74 
And the water-cooled . =-  . 17.56 


In this experiment the cold wheat was in- 
troduced into the vefiel containing the warm 
water. It will be proved in the fequel, that 

the heat communicated by the veflel was equal. 
_ to that which would have been communicated 
by .84 of an ounce of water. ; | 

It appears, therefore, that the ae ae 
ed 20 ounces of water, and the vellel which 
was equal to the .84 of an ounce, 17.56. de- 
grees. From whichit follows, that it would 
have cooled 20.84 ounces of water, 17.56 
degrees. .The quantity of wheat was 22 
ounces. Hence, according to a rule which 
was firft propofed by Dr. Irvine, and which 
will be more particularly explained hereafter, 
the comparative heat of water is to that of 
wheat, in the compound ratio of 38.74 to 
17.56, and of 22 to 20,84, or as 2.3 to r. 

I next 
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I next endeavoured to determine the ca- 
pacity of the veflel ufed in the foregoing expe- 
riment, compared with that of water. 

In order to avoid the inaccuracy arifing 
from the heat loft by pouring the warm wa- 
ter into the cold veffel, the greater heat was 
given to the latter, which was raifed to a 
fixed temperature by the following con- 
trivance. It was before obferved, that if 
the vapour of boiling water be made to 
flow in a conftant ftream through a pipe of 
any length -or dimenfions, every part of 
that pipe will be raifed to the boiling point. 
It is, therefore, evident, that if a {mall fpiral 
pipe be made to wind round a large cylindri- 
cal veffel at a little diftance from it, and be 
kept at 212 by a ftream of aqueous vapour, 
the veffel will be gradually heated, till at length 
it arrive at a certain point below 212, where 
it will continue without variation as long as 
the vapour pafles through the pipe, and the 
temperature of the air in the room remains 
unchanged. In figure 4, plate I, the reader 
will fee a {ketch of an apparatus contrived on 
this principle. A BC D reprefents a tinned 
veffel nine inches deep, and 5: inches wide, - 
environed by the fpiral pipe A E B, placed 
=. at 


a 
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at the diftance of a quarter of an inch from 
it. This pipe having performed one com- 
pleat revolution around the veffel, terminates 
at the point B, where the fteam is fuffered 
to efcape. Into the fpiral pipe, the tube H G 
is inferted by means of a cork at one of 
its extremities G, and at the other extremity 
H, it is fixed to the boiler HK. In the 
_ tube H G is inferted the cock R, for the pur- 
pofe of occafionally interrupting the commu- 
nication between the boiler and the {fpiral 
pipe, and a cock 1s fixed to the boiler at P, 
through which a part of the fteam 1s fuf- 
fered to efcape, when neceflary. To the fpi- © 
ral pipe, at the point 0, 1s joined the crooked 
pipe ou 4, and to thisis joined another 4v y, 
- that is connected with the circular pipe a d, 
placed at a little diftance from the bottom of 
the veflel ABCD. The perpendicular por- 
tion u 4 of the crooked pipe ow 4, 1s of fucha 
fize as to be capable of flipping into the cor- 
re{ponding pipe 4v, the former being adapted 
- to the latter in fuch a manner, that it may be 
introduced into it to a greater or toa lefs 
depth. And hence the circular pipe a d may 
be made to approach towards the bottom of | 
the veflel, or to recede from it at pleafure. 
The 
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The fuperior furface of the veffel is covered. 
by alid. This is heated by the fmall fpiral _ 
pipe 4e, which is joined at the point 4 to the 
_ cock F by a moveable joint, fimilar to that 
defcribed above. The cock is foldered to 
the pipe FG. Hence the fpiral eh being 
moveable upon the extremity of the cock, 
may likewife be made to approach towards 
the lid, or to recede from it. It is mani- 
feft, that by this contrivance the heat com-_ 
municated at the fuperior furface, and at 
the bottom of the veiiel may be fo adjufted, 
as to be precifely equal to that communicated 
at the lateral furface. The paflage of the 
fteam, through the pipe be, may be occa- - 
fionally interrupted by turning the ftop-cock 
F; and the pipe may be feparated from. 
the cock, when it is neceflary to remove the 
lid of the veflel, in order to introduce the 
fluid or folid fubftance, which is to be the 
{ubject of the experiment. | 

hkim reprefents a fimilar veflel, (fig. 5.) | 
furrounded by three fpiral pipes ac, df, ¢ g. 
The middle and inferior df, eg, having Tete 
formed five revolutions each in contaét with the 
cylindrical fuperficies of the veflel, and one a- 
round the bottom, terminate near tothe center. 


2 The 
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The fuperior pipe ac being made to crofs 
‘the other two twice, revolves only three times 
around the cylindrical furface, after which 
having made a circular revolution around the 

bottom, it alfo terminates, near to the center. 
Into the middle and inferior pipes, which 
are feparated from each other nearly the one- 
fourth of an inch, are inferted the {top- 
_ cocks ¢ and 2, in confequence of which the 
fteam, that is admitted by the conical veflel 
ab, may be made to pafs either through the 
-fuperior pipe alone, or through the fuperior 
and inferior, or through the three at pleafure. 
‘It is plain, that by, this contrivance, three 
different degrees of heat may be communi- 
cated to the veflel 54 /m, each of which will 
be nearly fixed, being liable to be varied only 
bya change 1 in the temperature of the air in 
the room. 
The veffel which was to be the fubject of 
the experiment, and which was made of 
tinned iron, was 72 inches deep, 4! wide, and 
weighed exactly 10 ounces and two fcruples 
troy. It was placed upon a flip of flannel in 
‘the veffel b/m, (fig. 5.) which may be 
called a fteam bath; the extremity of the 
eter vefiel being clofed by a cork that was 
made 
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made to fit it accurately. In this cork a 
thermometer was fixed that had the degrees 
marked upon the tube, and which reached to 
fuch a depth as to be in contact with the 
bottom of the interior vefiel. 

The fteam was then made to pafs through 
the fuperior fpiral pipe, in confequence of 
which the thermometer gradually rofe to. 
138.5, where it remained with very httle 
variation. | 


The arin the room being - 64 
A quantity of water, weighing 40 
ounces troy, was taken at - 64.5 


{ts temperature being examined by a very 
- accurate thermometer, that had each degree 
divided into 10 equal parts, diftinctly vifible 
to the naked eye. 

The interior veflel was then fuddenly re- 
moved from the fteam bath; the water was 
poured into it, and was agitated for a fhort 
time, after which its temperature was exa- 
mined by the fame thermometer that had 
been employed to determine its heat previ- 
ouily to the experiment, and was found te 
be as follows : 


I minute ~ 65.8 
a a 65.9 
5 - 65.93 very nearly 66. 


During 


Rei a 
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During the courfe of this experiment, the 


water was kept in a {tate of gentle agitation, 


that all its parts might have an equal tem- 
perature. It is manifeft, that a {mall quan- 


tity of heat muft have been loft by the veffel 


in the fhort {pace of time which was employ- 


ed to remove it from the fteam bath. ‘The 
heat that was thus loft may be nearly eftimated 


by the experiment which follows : 


Airinthe room - 68: nearly 
Forty ouncesof water 68.15 very nearly 
The vefiel was placed in the 

fieam bath ABCD, 

(fig. 4.) andraifedto 109.25 
The water being pour- 

ed into the veffel, its 

temperature in 


I minute was (+ 68.9 

2  - — 68.9 plus 
3 ‘s 69 minus 
oe = 69 minus 
7 : 69 


Hence we have 1.5 for the heat communicated 
_ to the water in the firft experiment, and .85 


_ for that communicated in the fecond. In 


- confequence of which the comparative heat 


of the water will be to that of the veffel by 


3 the 


nO a tt) 
? 
¢ ~ 
e 
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the former experiment as 48 to 1, and by the 
latter as 47.3 to 1. Inthelattercafe, there- 
fore, the ratio of the heat of the water to 
that of the veffel appears to be lefs than in 
the former. The reafon is obvious: when 
‘the veflel is removed from the fteam bath, 
for the purpofe of receiving the cold water, 
it muft neceffarily-lofe more heat in propor- 
tion as it was previoufly raifed to a higher 
teniperature. Itis manifeft, however, from 
the near coincidence of the refults of the two 
experiments, that the quantity of heat loft 
in either cafe muft have been very fmall. 
This experiment was frequently repeated, 
different degrees of heat being given to the 
vefiel. previoufly to the introduction of the 
water. ‘The following are the refults of four 
of the moft accurate trials. 

Comparative heat of water to that of the 
veflel by the 


ft trial as —— 48 to x | 
2 — = 47.4to1 | 
3 ears ted ne 2 Bp i de | 
4. a2 a 47 tol 


From the mean refult of thefe trials it ap- : 
pears, that the comparative heat of the vef- 
fel'was to that of the water as.1 to 47.4. 0. 


The 
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The quantity of heat therefore contained 
in the veflel was equal to that contained in 
.84 of an ounce of water. 


EXPERIMENT II 


_ Air in the room — 52 
T wenty-two ounces of dried 
~ wheat at = eX; 
“Wize with 20 ounces of wa- | 
Tee ot oe 126.75 


~ the mixture being agitated brifkly and unt- 

+ formly, with an iron rod, 12 times; and its 

“temperature being meafured by the fame 
thermometer ufed in the preceding experi- 
wert,’ in 7 hs 


1 minute it was ce 101 
2 Poker —> IO} 
3 — —— 101 


The mixture being again 
agitated 12 times, its 
temperature at the end 


9 a5 


of the 
_ 4th minutewas — 100: 
aS az —— 1002 minus 
oe 100 
K . Being 


Be 
Fin 
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. 


Being again agitated . 12 
times, at the end of the 
roth minute it was 99} 
12 — — 99: minus 


It is proper to obferve, that in agitating — 


the mixture, a motion as nearly equal as 
poffible fhould be communicated to its feveral 
parts. If this circumftance be not attended 
to, a variation will be pr oduced 1 in the refults 
of different trials. — oe 

In this experiment the cold wheat, as be- 
fore, was poured into the veflel containing 
the warm water. The vefiel refted on a 
wooden table, which was covered with flan- 
nel. Its mouth was clofed with a cork, to 
prevent the accefs of the external air, and 
the thermometer was introduced into the 
mixture through an aperture in the cork. 

It appears, that when the mixture was 
agitated at the end of the 3d minute, it loft 
half a degree. The fame thing happened 


when it was again agitated at the end of the 


gth minute. Hence we may infer, that a 
brifk agitation, continued 12 times, was fuf- 
ficient to bring the mixture to a common 
heat. For it will be proved by a fubfequent 
experiment that if this were not the cafe, more 


heat 
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heat would have been apparently loft in the 
fecond repetition of the agitation than in the © 
third. As the agitation given to the mix- 
tuire, in thefe inftances, was equal to that 
which it had fuffered at the beginning of the 
experiment, it follows that we may allow 
very nearly half a degree for the heat loft in 


the 
the 


theiggers of the firft minute; for though 
ieat, feparated by the agitation at the 


beginning, muft have been a little greater 
than that which was afterwards feparated ; 
yet as the heats loft at the end of the zd and 


ee 


oth minutes were fo nearly equal, that the 


- difference could not be diftinguifhed by the 
eye, we may fafely conclude, that the dif- 
ference between thofe loft at the end of the 
qd and 1ft minutes, was fo {mall that it may 
be neglected. Allowing, therefore, half a 
degree for the heat feparated in the firft mi- 
- nate; we have 101. for the true temperature 


of the mixture. 

The original heat of the 
wheat was a 
That of the water was 
It follows, that the wheat 
was raifed ES 

And the water cooled 
kK 2 


53:5 
F20:79 


48 degrees 
25.25 


In 
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In this experiment the cold wheat was in- 


troduced into the vefiel containing the warm 
water. The heat received from the veflel was 
equal to that which would have been received 
from .84 of an ounce of water. Hence by 
this experiment the comparative heat of wa- 
ter 1s to that of wheat as 2 to 1. 

I have felected the foregoing experiments 
from a variety that were made with the fame 
fubftances, becaufe they give the greateft and 
feaft refults, when the mean of thofe which 
were moft accurate was taken, the capacity 


of water appeared to be to that of wheat as 


2.1 to 1, which is probably near to the 


truth. 
The reader will perceive iat the ratio of 
the comparative heats of water and wheat, 
-as deduced from thefe experiments, is confi- 
derably different from that. which was pub- 
lifhed on the fame fubject in the firft edition 
of this work. I was not then aware of fome 
of the caufes which tend to render the con- 
clufions from fuch experiments erroneous. 
In the experiment on wheat formerly pub- 
-|ifhed, ] endeavoured to afcertain the tempera- 
ture of the mixture by thermometers placed at 


the 
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the furface, andat the bottom; and as the mix- 
ture, in the courfe of the firft minute, was 
not fufficiently agitated to produce an uni- 
form diffufion of the heat, it became difficult 
to adjuft the relative pofitions of the thermo- 
~ meters, in fuch a manner as to determine the 
mean temperature with accuracy. The fub- 
ftances were alfo mixed in a wide-mouthed 
vellel, which expofed a large furface to the 
air, they therefore cooled rapidly ; for thefe 
reafons a confiderable inaccuracy arofe in the 
calculation of the comparative heats of wheat 
and water, as deduced from that experiment. 
I muft, however, obferve, as an apology 
for this inaccuracy, that it did not arife from 
an error in the ftatement of facts. I am 
convinced from the refult of fubfequent trials, 
that a feries of facts nearly fimilar, would 
occur to others who fhould take the trouble 
to repeat the experiments in fimilar circum- 

{tances. | 
Ido not pretend to affirm, that in repeat- 
ing fuch experiments, a perfect coincidence 
of refults can be obtained. In the work 
which I formerly publifhed, I remarked, that 
a change in the temperature of the air in the 
K 3 room ; 
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room ; a variation in the time that was em- 
ployed in mixing together the fubftances, 
which are to have their comparative heats 
determined ; a difference in the fhape of the 
vefiel, or in the degree of agitation that 1s” 
given to the mixture, will often produce a | 
confiderable diverfity in the refult of the fame 
experiment. _But I can fafely affirm, that 
nearly fimilar retults will be obtained when 
the experiments are repeated with a proper 
attention to thefe fources of error; and the 
miftake in the calculation of the comparative 
heat of wheat, as determined by the above- 
mentioned experiment, principally depended 
upon a fallacy in the deduction of the com- 
mon temperature from facts, which were 
obferved with attention, and ftated with 
fidelity to the public. 

It was before remarked, that in the 2d — 
experiment, if the water and wheat had nat 
been brought to a common temperature in 
the courfe of the firft minute, lefs heat would 
have been apparently loft in the fecond: re- 
petition of the agitation than in the third. 
This is proved by the experiment - which 
follows, | 3 | 


E X= 
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EXPERIMENT MIII. 


_ Air in the room — 56 
_ Twenty-two ounces of dried 
_ wheat at ~~ 55 
were mixed with 20 ounces of 
~ water at — 126.76 


The circumftances being the fame as in the 

preceding experiments, excepting that the 

- fubftances were not agitated when they were 
mixed together, the temperature in 


_ I minute was aaa 100.25 
= 2 — a 100.75 
3 —_ — 101 plus 
Ao os “TOT. 
5 — ~— 102 minus 


The mixture being then 
agitated 12 times, the 
temperature at the end 


of the 
6th minute was — 103 plus 
4 — — 103 plus 
§ _ -— 103 
- 9 oe a 1p 3 
10 —_—- -— 103 
II — ao 102.75 
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102.75 minus 
102.5 

102.5 minus 
12.25 
102.25 minus 
102 3 
102 

102 minus 
101.76 

Tol ok 

IOI 

100, ¢ 

109 


96 plus 
9555, 


Thus it appears, that when the warmer 
and colder fubftances were not agitated at the 
beginning of the experiment, the thermome- 
ter continued to afcend during the firft five 
minutes, after which the mixture being agi- 


tated 


“ail 
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tated it fuddenly rofe one degree, When I 
firft obferved this appearance on mixing wa- 
ter and wheat together, I fuppofed that it 
proceeded from the production of fenfible 


-. heat, in confequence of a chemical union 


Zz 


between thefe fubftances. But I was foon 
led to correct that opinion, becaufe I found 
that the fame effect was produced when wa- 
ter and fand were mixed in fimilar circum- 
ftances. By varying the experiment, and 


_by examining the temperature of the mix~ 


ture at the furface and at the bottom, I dif- 
covered that the afcenfion of the thermome- 
ter depended upon the unequal diftribution 
of the heat, and upon the difference between 
the capacities of wheat and water. 

For as no agitation was given to the mix- 
ture at the beginning of. the experiment, 
the water and wheat were not brought toa 


common temperature, in the courfe of the 


firft minute ; and as the thermometer reach- 
ed from the furface to the bottom, it indi- 
cated a degree which was intermediate be- 
tween the temperature of the wheat and wa- 
ter. It was before obferved, that this in- 
termediate heat muft be lefs than the com- 

mon 


@ 
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mon temperature *, becaufe the capacity of 
the warmer being greater than that of the 
colder fubftance, when they were brought 
to a common heat, the increafe in the tem- 
perature of the latter would be greater than 
the diminution in that of the former. The 
thermometer, therefore, continued to afcend 
until the mixture was brought by agitation 
an the fixth minute to a common heat, after 
which it began flowly to defcend. If the 
temperature of the wheat were greater than 
that of the water, the reverfe of this would 
take place; for in that cafe, the mixture 
being agitated as above, the thermometer 
would fuddenly fink feveral degrees. 

By experiments fimilar to thofe which have 
been now recited, I endeavoured to deter- 
mine the comparative heats of moft of the 
farinaceous vegetables, and of fome of the 
animal fubftances that are commonly ufed-— 
in aliment. The refults are comprized in the 
following table. 

Table of the comparative heats of vege- 
table and animal fubftances, water ae the 
- ftandard. 

* See the obfervations on the experiments with fand 


and water, page 112. 
‘Com- 


upon ANIMAL Heart, &c, 139 


Common water — 1.000 
Horfe beans a ol Ley 
Rice _— a 0.506 
Wheat — —_ 0.477 
_ Oats having the hulls taken off 0.416 
Peas — — 0.492 
Unhulled barley — 0.421 
Lean of the beef of an ox 0.74. 
Hide of an ox with the hair 0.787 
Lungs of a fheep — 0.769 
Frefh milk of a cow » 0.999 
Arterial blood of a dog - 1.03 


the courfe of my experiments with 
farinaceous vegetables, I found that when 
fome of thofe fubftances were reduced to 
powder, and intimately mixed with warm 
water, they produced fenfible heat. This 
will appear from the experiment which 
follows. 


EXPERIMENT IV. 


Air in the room — 62 

Twenty-two ounces of wheat coarfely 
powdered, being mixed with 18 ounces of 
warm water, and the mixture being reduced 
by agitation to a common heat, the tempe- 


rature 
6 
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rature as meafured by a thermometer which 
reached from the furface to the bottom © 
' Was in 2 minutes 


CON Qn PP Ww 


9 
10 


tI 
12 
13 
i4 
15 
16 
2i 
26 


Zi 


ee 


-'The wheat. {welled 
experiment, and towards the conclufion was 
fo much enlarged, as not to be completely 
covered by the water. 

From the gradual afcenfion of the thermo- 
meter during the {pace of twenty minutes, 
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in the 


942 

94% 

94: plus 

95 minus 
95 plus 

95%. 

95% 

957 plus 

95% 

952 plus 

g6 minus 
96 minus 
g6 minus 
96 

96 plus 

96 plus 

96 

95% 


courfe of this 


it 
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it is manifeft, that fenfible heat muft have 
been produced. 

Agreeably to this I have found, that if 
wheat and warm water be mixed together, 
and fuffered to cool, and if the mixture be 
heated a fecond time, and again fuffered to 
cool, the progrefs of the refrigeration, in the 
latter inftance, will be much flower than in 
the former; which proves, that the water 
‘having remained for a confiderable time in 
contact with the wheat, is at length enabled, 
by the affiftance of a moderate degree’ of 
warmth, to contract a chemical union with 
it, and to produce fenfible heat. 

Senfible heat is likewife produced by mix- 
ing the powder of beans, peas, rice, oats, 
and barley, with water raifed to 120.—My 
original intention in reducing thefe fubftances 
to a coarfe powder, was to bring them into 
fuch a ftate, as that they fhould fpeedily and 
intimately mix with water, this circumftance 
being of importance to the accurate determi- 
nation of their comparative heats. 

They were pulverized by the following 
procefs. Each of them was firft ground into 
flour; it 'was then made into a thin cake with 
water, and baked in an oven till it became 

1. Meta 


~ 
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crifp ; after which it was coarfely powdered 
by beating it in a mortar. , 
The coarfe powder of the farinaceous ve- 
getables which is thus procured, will readily 
mix with water ; whereas a confiderable time, 
and much agitation, 1s required to mix the 
flour of thefe fubftances with that fluid. 
When the powders obtained by this procefs, 


were intimately mixed with water, and raifed 


to a moderate degree of warmth, they were 


found, as was before remarked, to produce 
fenfible heat ; which rendered the refults of 
the experiments made with a view to deter- 
mine their comparative heats in fome mea- 
fure fallacious. I, therefore, had recourfe to 
the method which I had formerly adopted, 
of mixing thofe fubftances with water in 
their entire ftate; becaufe under thefe cir- 
cumftances, they either do not produce fenfi- 
ble heat, or the quantity produced is fo fmall, 
as not materially to affect the refult of the 
experiment ; and the comparative heats may, 


by this mode of trial, be determined with a 


confiderable degree of accuracy, if the pre- 
cautions formerly mentioned be properly at- 
tended to, and particularly if the warmer 
‘and colder fubftances, when they are mixed 


toge- 
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together, be placed in fuch a fituation, as 
‘that they fhall cool very flowly. For, in 
that-cafe, the heat loft by the agitation ne- 
ceflary to bring them to a common tempe- 
rature, will be inconfiderable. 

_ The foregoing experiments prove in gene- 
ral, that flefh, milk, and vegetables, contain 
lefs abfolute heat than water, and water lefs 
than arterial blood. Arterial blood, there- 
fore, contains a greater quantity of abfolute 
heat, than the pr inciples of which it is com- 
_ pofed. 

The remarkable accumulation of heat in 
this fluid, led me to fufpect, that it abforbs 
heat from the air, in the procefs of refpira- 
tion. And in this fufpicion, I was much 
confirmed by the following confiderations : 

i. Thofe animals which are furnifhed with 
lungs, and which continually in{pire the frefh 
dir in great quantities, have the power of 
_ keeping themfelves at a temperature confi- 
derably higher than the furrounding atmo- 
fphere. Eut ioe that are not furnifhed 
with refpiratory organs, are very nearly of 
the fame ‘NG with the medium in 
_ which they live. 


2. Among 
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2. Among the hot animals, thofe are the 
warmelt, which have the largeft refpiratory 
organs, and which confequently breathe the 
greateft quantity of air in proportion to their 
bulk. Thus, the refpiratory organs of birds, 
compared with their fize, are more extenfive 
than thofe of any other. animal; and birds 
have the greateft degree of animal heat. 

3. In the fame animal, the degree of heat 
is in fome meafure proportionable to the 
quantity of air infpired in a-given time. 
Thus we find that animal heat is increafed 
by exercife, and by whatever accelerates re- 
{piration. 

From thefe confiderations, I was naturally 
led to a more particular examination of this 
fubject : the refult of which, is comprehend- 
ed in the following propofitions: — 


RO P0468 INT TO sNa ae 


- The quantity of abfolute heat contained 
in pure air, is diminifhed by the change which 
it undergoes in the lungs of animals, and 
the quantity of heat in any kind of air that 
is fit for refpiration, 1s nearly proportional 
to its power in fupporting animal life. 
| 5 Before 
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Before I proceed to the direct proof of this 
propofition, it is neceffary to confider the na- 
ture of the change produced in the air by 
the procefs of refpiration. It is now gene- 
rally agreed among Philofophers, that the 


air of the atmofphere principally confifts of 


two different fpecies of permanently elaftic 


— fluids, which have been called by Dr. Prieft- 


ley phlogifticated and dephlogifticated air. 

If a portion of atmofpherical air be ex- 
pofed in an inverted jar to water, which has 
had its air feparated by boiling, 1t will be re- 


 folved into the two fluids mentioned above; 


chiefly of phlogifticated air. 
L 


the purer part of it will be attracted by the 
water, and the noxious phlogifticated part 
will remain in the vefiel unabforbed. 
Moreover, 1f phlogifticated and dephlogif- 
ticated air be mixed together in certain pro- 


portions, they will compofe an elaftic fluid 


which has a very near, if not a perfect re- 
femblance to common air. Thefe therefore 


appear, both by the fynthetic and analytic 
mode of trial, to form the conftituent parts 


of the atmofphere, the dephlogifticated air 
compofing nearly one fourth of the whole, 
and the remaining three fourths confifting 


Of 
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Of thefe conftituent principles, it is the 
purer part alone which 1s affected by the re- 
{piration of animals. This I think 1s evident. ~ 
from the following experiments. 

If an animal be placed in-a given wadaee 
of atmofpherical air, confined in a jar in- 
rerted over water, after a certain length of 
time, it will fall into convulfions and expire ;- 
the air will be diminifhed nearly one fifth of 
its bulk, and that portion of it which re- — 
mains in the jar will be found to confift of 
phlogifticated, mixed with a very {mall quan- 
tity of pure air, the latter having been ren- 
dered by its diffufion through the former, 
unfit for miniftring any longer to the refpi- 
ration of the animal. If the experiment be 
made over lime water, the liquor will be- 
come turbid, a precipitation will take place, 
and the quantity of calcareous earth preci- 
pitated, will bein proportion to the diminu- 
tion of the air. If the trial be made over 
mercury, no fenfible diminution will take 
place; but if a {mall quantity of cauftic al- 
kah be introduced, it will be changed into: 
the mild:alkah, andthe air will be diminifh- 
ed in the fame degree, as if the openness 
Aad been Dae over water, | 
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If the jar inverted over mercury, contain 
dephlogifticated inftead of atmofpherical air, 
-andif the animal placed in it be removed as 
foon as it begins to ficken, and the cauttic 
alkali be introduced, a much more confider- 

able diminution will take. place, and by the 

_ repeated introduction of the animal and of 
the alkali, almoft the whole of the dephlo- 
gifticated air may be made to difappear *. 
Hence it follows, that it is the dephlogitti- 
cated part of the atmofphere, which minifters 
to the fupport of animal life, and which is 
altered by the action of the lungs. : 

It is extremely probable, that this altera- 
tion confifts in the converfion of pure into 
fixed air, by the union which the former 
contracts with inflammable air, or with its 
bafis, in the procefs of refpiration, That 
fuch an union takes place in the lungs, will, 
I think, appear from. the following confide- 
rations. | 

It is well known, that the blood under- 
goes a remarkable change of colour when 
circulating in a living animal, fog the vivid 


-* Vide Memoire fur La Chaleur, par Monf. Lavoifier 
&: De la Place, 14 a l’?Académie Royale des Sciences, le. 
Peyuin 28. 1783. p. 52. 3 
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arterial blood, in its paflage through the ca- 
pillaries to the venous fy{tem, acquires a 
deep and livid hue, and again refumes its 
hight and florid colour in the lungs. Dr. 
Prieftley has proved, that fimilar alterations 
are produced in the colour of the blood by 
expofure to pure and inflammable air. For 
when vivid arterial blood is expofed to in- 
flammable air, or to any other fpecies of 
aerial fluid, known to contain that principle 
or its bafis, it {fpeedily acquires the deep and 
livid hue of venous blood. And, on the con- 
trary, when venous blood 1s expofed to pure. 
air, it acquires the light and florid colour of 
arterial; and thefe alterations are produced © 
m an equal degree, when a thin bladder is 
interpofed between the air and blood. The 
fame philofopher has proved, that the air and 
blood which are employed in thefe experi- 
ments, undergo oppofite changes, for pure air 
is vitiated by expofure to venous blood; and 
on the contrary, inflammable air is abforbed, 
and phlogifticated air improved by expofure 
to arterial blood: from the latter circum- 
{tances it appears, that arterial blood has an 
attraction to inflammable air, or to its bafis. 
| That 
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That inflammable air will produce a 
change of colour in the blood, when intro- 
duced into the veins of a living animal, ap- 
pears from the following experiment, which 


- was tried by my ingenious friend Dr. Ha- 


milton.—Three ligatures were made on the 
jugular vein of a cat, and the portion of the 
vein contained between two of them, having 
been previoufly emptied of its blood, was 
filled with ‘inflammable air. The air being 


confined in this fituation, by clofing the punc- 


ture through which it was introduced, the 
middle ligature was removed, in confequence 
of which, the blood that was contained in 
the part of the vein intercepted between the 
middle and the third ligatures, was fuffered - 
to mix with the inflammable air. After an 
hour had elapfed, the blood being drawn 
from the vein, was found fluid, and had ac- 
quired a colour almoft as dark as ink, At 
the time when this trial was made, a quan- 
tity of blood, as nearly equal as poffible to 
the former, was likewife intercepted, during 
the {pace of an hour, between two ligatures 
that were tied on the crural vein of the fame 
animal. This blood being drawn from the 


vein, was found in fome meafure coagulated, 


b 3 but 
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but not to fo great a degree, as to. be im- 
mifcible with water. To thefe portions of 
blood, equal quantities of water were added ; 
when it appeared, that the portion which 
was: expofed to the inflammable air, impart- 
ed a much deeper tinéture to the water, than 
that which had been drawn from the crural 
vein. Hence it appears, that when inflam- 
mable air is introduced. into the veins of a 
living animal, it increafes the livid colour of 
the blood, and at the fame time diminifhes 
its tendency to coagulation. T he inflam- 
mable air ufed in karts experiment, was obtain- 
ed from iron filings, - diffolved in the vitriolic 
acid. It cannot be doubted, that the fame 
effect would be produced, by expofing the 
blood to that fpecies of inflammable air, 
which is obtained from animal fubftances. 
Since, therefore, the arterial blood under- 
goes the fame change of colour in the capil- 
laries, that it afer e by expofure to inflam- 
mable air; fince it has an attraction. to 
that fluid; and fince the {eparation of 3 in- 
flammable air from animal fubftances is 
promoted by heat, and by the tendency 
of the juices to putrefaction ; | we may 
I think eu conclude, that the change 
| which 
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which the blood undergoes in the capillaries, 
arifes from its impregnation with this prin- 
ciple. And as the abforption. of inflam- 
mable air, or of its bafis, is the caufe of the 
change, which is produced in the colour of 
the blood, during its circulation through the 
capillaries ; we may alfo conclude, that when 
the blood again recovers its florid colour in 
the lungs, the inflammable principle is de- 
tached. In this conclufion we may reft 
with the greater certainty, becaufe the ve- 
nous blood, in the lungs, is expofed to. the 
action of that {pecies of air, which in other 
phlogiftic procefles, is known to combine 
with the inflammable principle. In the pro- 
cefs of refpiration, therefore, the pure-air, 
which is received into the lungs, combines 
with a portion of the indammable air con- 
tained in the venous blood. : : 

The fubftances that are the refult of the 
union between.thefe fluids, in phlogiftic pro- 
cefles, differ from each other, becaufe inflam- 
_ mable air, which is one of the ingredients, is 
of different kinds. Thus the inflammable 
_ air obtained, by the folution of metals, in the 
vitriolic acid has, in feveral refpects, diftinct 
properties, from that which 1s obtained, by 

L4 expofing 
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expofing animal and vegetable fubftances to 
heat in clofe veflels. The\former has a much 
lefs fpecific gravity than the latter; the 
firft, when a lighted candle is dipped into a 
jar filled with it, explodes ; the fecond burns 
with a lambent flame; the refiduum which 
arifes from the combuftion of the one, with 
a certain proportion of pure air, in clofe vef- 
fels, is water; but that which arifes from the 
combuftion of the other, in fimilar circum- 
f{tances, is fixed air. Itis evident, that the fixed 
air found in the latter cafe, muft either have 
pre-exifted in the inflammable air, or it muft 
have been produced by the union of this 
fluid, or of fome part of it, with dephlogif- 
ticated air. From Dr. Prieftley’s experiments 
it appears, that it does not univerfally pre- 
exift in the indammable air, for in fome 
experiments, in which pure and inflammable 
air were mixed together, and fired by the 
electric fpark, the quantity of fixed air, which 
was the refult of the inflammation, was 
-confiderably greater than the entire quan- 
tity of inflammable air ufed in the procefs *. 

Hence it is manifeft, that either the whole 


* See Prieftley’s Experiments relating to various 
Branches of Natural Philofopby, vol. II]. p.272. 


or 
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or a part of the fixed air found in thofe expe- 
riments, muft have been produced by a union 
of the inflammable air, or of fome principle 
contained in it, with the dephlogifticated air. 
It appears therefore, that fixed air 1s pro- 
duced by the combination of dephlogifticated 
with lambent infammable air, or with fome 
of its conftituent parts. It was before fhown, 
that the laft mentioned fpecies of air, 1s 
united to the blood in the capillaries, and is 
again feparated from it, in the procefs of re- 
fpiration. And fince it is found, that fixed 
air is exhaled by expiration, a portion of the 
pure air being at the fame time made to dif 
appear, there is I think the utmoft reafon 
to believe, that the fixed air, which is the 
refult of this procefs, is produced by the 
union of the pure and inflammable air, which 
come into contaét with each other in the 
lungs. To this conclufion it fhould not be 
objected, that thefe fluids, when mixed to- 
gether, do not fuddenly combine, unlefs an 
ignited body be applied to them; becaufe we 
know from the experiments of Dr. Prieftley, 
that inflammable air, without the affittance 
of flame, is capable, in its nafcent ftate, of 

contraéting an union with pure air. 
3 eds 
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As it has been proved, however, by the 
very ingenious experiments of Mr. Caven- 
difh, that water 1s the refult of the union 
between pure air, and the inflammable air 
which is obtained from metals, by the vitri- 
olic acid; it is poffible, that a portion of the 
pure and inflammable air, which meet in the 
lungs, may undergo that peculiar mode of 
combination by which water is produced. 
And this opinion will be rendered more pro- 
bable, if we confider that though the fixed 
air, which was the product of the above- 
mentioned experiments that were made by 
Dr. Prieftley, confiderably exceeded the in- 
flammable air, yet 1t was not equal to the 
fum of the two airs, which were employed 
in thofe experiments. From thefe confidera- 
tions, I think we may conclude, that the 
pure air received into the lungs, combines 
with the inflammable Sneple which is 
extricated from the blood, and that by this 
combination it is partly converted into fixed 
air, and partly into aqueous vapour *. 


* After I had written the above, I found that Dr. Hig- 
gins maintains the fame opinion See experiments on 
acetous air. bur 

In. 
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ie order therefore to determine the truth 
of the propofition, it muft be proved, that 
pure air contains a greater quantity of abfo- 
lute heat than the fixed air and aqueous va- 

_ pour which are exhaled from the lungs +. 

I have examined with great care the com- 
parative quantities of heat contained in thefe 
fluids, and fhall now proceed to communi- 
cate the refult of my enquiry. 

In the former edition of this work I ob- 
ferved, that from the imperfection of ther- 
mometers, and the difficulty of judging by 
the eye of the fraction of a degree, perfect 


+ Some philofophers have maintained, that the dephlo- 
gifticated air is abforbed by the blood. But this opinion 
does not appear to be fupported by any decifive experi- 
ments. Admitting it however to be true, it will not 
“affect the general doctrine which I have endeavoured 
to eftablifh.—Becaufe if dephlogifticated air be abforbed, 

it muft be feparated again by fome of the emunctories : 
4 for if this were not the cafe, there would | be an accu- 
‘mulation of it in the animal body. But it is not found 
‘that any of the fecretions contain dephlogifticated air. 
This fluid, therefore, fuppofing it to be. received into 
the blood, muft neceflarily be altered in its properties ; 
and it feems to be evident, that by coming into con- 
“ta ‘with the putrefcent parts of the fyftem, it would 
be changed into fi#éd air, or into water, and would 
 ° confequently have the quantity of its abfolute heat dimi- 

a _ onithed. 

accuracy 
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accuracy In experiments for determining the 
heat of air, was not to be expected; and 
added, that I propofed in future to endeavour 
to afcertain with as much exactnefs as pof- 
fible, the comparative quantities of heat in 
the different kinds of air, by a greater variety 
of trials, and by thermometers conftruéted 
for the purpofe. I have fince repeated my 
former experiments with as much accuracy 
as poflible, and by giving a more minute at- 
tention to the circumftances which influenced 
their refults, I have endeavoured to make a 
nearer approximation to the truth. In con- 
fequence of this, the reader will find, that 
the quantities of heat in the various kinds 
of air, as determined by my late experiments, 
are very different from thofe recited in my 
former publication. It will appear, how- 
ever, that the general facts on which the 
theory is founded are true, and I am per- 
fuaded, that, with the candid and judicious, 
the novelty of the fubject, and the extreme 
difficulty of the undertaking, will in fome 
meafure plead my apology for the errors in 

that work. * 
Before we can arrive at much precifion in 
experiments, we muft be acquainted with 
the 
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the various caufes which may render their 
refults fallacious; and in a new and obfcure 
branch of fcience, a knowledge of thefe caufes 
can only be obtained by repeated trials and 
attentive obfervation. 

The peculiar difficulty of determining with 
precifion the comparative heats of the diffe- 
rent kinds of air, arifes partly from the fu- 
gitive nature of heat, partly from the rarity 
of the permanently elaftic fluids, in confe- 
quence of which not more than fifteen or 
twenty grains of them can conveniently be 
employed in an experiment, and partly from 
the changes that they are lable to undergo, 
with refpect to purity and the quantities of 
moifture which they contain. 

When the experiment 1s made by intro- 
ducing a few grains of warm air confined in 
a bladder into an equal bulk of water, as the 
fpecific gravity of the latter fo greatly ex- 
_ ceeds that of the former, it is manifeft that 
very little heat will be imparted to the water. 
For the fame reafon, if different elaftic fluids 
be employed, the differences in the quanti- 
ties of heat communicated will be minute ; 
and in that cafe, as from the imperfections 
of our fenfes, and of thermometers, every 
| expe- 
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experiment is neceflarily attended with fome 
degree of inaccuracy, the errors of the 
obfervations will bear a confiderable propor- 
tion to the differences which are to be afcer- 
tained ; the refults will therefore be liable 
to much uncertainty. 

A variety of expedients were tried with a 
view to obviate this difficulty ; afew of which 
I fhall briefly relate, as they enabled me to 
afcertain fome of the moft important circum- 
{tances that require attention, in trials for 
determining the heat of air, and led to a 
mode of making the experiment which ap- 
pears to be decifive. My firft expedient was 
as follows : 3 | 

In the fide of a crooked glafs tube, that 
was of fuch a fize as to contain nearly half 
an ounce of iron filings, a finall aperture was 
made, through which a very fenfible ther- 
mometer was introduced into the centre of 
the tube, being kept in its place by means 
of a cork clofely adapted to the aperture. A 
bladder having a brafs cock tied to its neck, 
was occafionally fixed to the lower end of the 
tube. ‘The air, which was to be the fuabject 
of an experiment, being confined in’ this 
at was raifed to ‘the required tempera- 

ture 
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ture in a Dutch oven, and was then forced 
through the filings contained in the tube, by 
a prefs which had ‘a weight applied to it. 
Thus a confiderable quantity of warm air was 
made to pafs through a {mall quantity of 
cold iron filings. It 1s proper to obferve, 
that the bladder was furrounded by feveral 
folds of flannel, in order that the heat might 
be retained in the air, during the fhort time 
which was employed in forcing it through 
the tube. As complete a feparation as pof- 
- fible was made, between the bladder and tube, 
_ by means of thick flannel. 
With this apparatus I made the following 
experiments,which, as they tend to throw light 
- upon the fubject of the prefent enquiry, feem 
not unworthy of attention, though they do 
not lead to any direct conclufion refpecting the 
object which I had principally in view. 


EXPERIMENT I, 


__. Fourteen feruples of dry iron filings being 
introduced into the crooked glafs tube, and 
the thermometer in the centre ftanding at 
5 “49% 5 ; nearly 49 ounce meafures of atmofphe- 
rical 
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rical air were heated in the bladder to fro, 
and made to pafs through the filings by means 
of the prefs and weight mentioned above. In 
one minute and feven feconds nearly, the 
thermometer ftood at 57. It was therefore 
raifed 7: degrees. I continued to repeat this 
experiment for the greater part of the day, 
with the fame bladder, and found, that the 
heat communicated to the filings gradually 
diminifhed, till at length the refult was as 
follows. The thermometer in the centre be- 
ing 48; nearly, 40 ounce meafures of atmo- 
{pherical air were raifed to 118, and paffed 
through the filings as above. In one minute, 
the thermometer ftood at 50:. It was there- 
fore now raifed only 2 degrees. ‘Though I 
repeated the laft experiment with all the at- 
tention I was capable of, yet I found the: 
filings in fuch a ftate, that not more than, 
2 degrees were communicated by the hot air: 
which was forced through them. I then re-- 
moved the filings from the inftrument, and| 
perceived by their adhering to each other, and! 
to the inner furface of the tube, that they’ 
had collected a confiderable quantity of moi-- 
fture. The filings and tube being made per-- 
feétly dry, and the experiment again repeat-: 

4 edi 
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ed on the enfuing day, the thermometer was 
raifed as at firft more than 7 Hata 

The air being made to pals repeatedly 
through the fame filings, the quantity of heat 
which it communicated, gradually diminifhed, 
and the filings were ane to have contracted 
moifture, as in the former experiments. 
‘That the moifture imparted to the filings 

in thefe inftances was derived from the blad- 
der, is proved by the experiments which were 
made with the following PRESTR: See 
Opiate 1. fig. 6 

A copper worm H K was fixed in a wooden 
velfel FG, which was occafionally filled 
with warm water, or with melted {permaceti; 
one extremity of the worm M, terminated in 
a pipe which pafled through the fide of the 
veffel, and which was fo contrived, as to be ca-: 
pable of flipping into a brafs tube connected 
with the bottom of the fmall slats veflel A B, 
that contained iron filings, the pipe and tube 
being made to fit each other with fuch exac- 
‘nefs, as to be air tight. By a fimilar con- 
_ trivance, the other extremity of the worm was 
joined to the bladder C D, in which the air 
was contained. At the point E, a thermo- 
meter was inferted in the worm, to fuch a 
| M depth, 
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depth, that the current of air muft necef- 
farily ftrike againft its bulb. To the upper 
extremity of the glafs veflel AB contain- | 
ing the filings, was fixed a crooked tube 
AL, the farther end of which was introduced 
into the mouth of an inverted glafs jar RS, 
that was placed in the wooden veffel P Q. 
To this jar a fcale was applied, by the help 
of which the quantity of air employed in the 
experiment was accurately méafured. 

It as manifeft, that the air expelled from 
the bladder by means of the prefs formerly 
mentioned, would in pafling through the 
wortn acquire the heat of the furrounding 
fluid, and having imparted its heat to the 
cold filings contained in the glafs tube AB, 
would afterwards be received into the invert- 
ed jar RS, that had been previoufly filled 
with water. 

I was at firft induced,to contrive this ap- 
paratus, hoping that 1 fhould have been 
enabled to determine by it, the comparative 
heats of the different kinds of air. In that 
expedtation, however, I was difappointed. 
But, as was before obferved, the trials that 
were made with it, clearly proved the effect 
of the moifture derived from the bladder in 

influ- 
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influencing the refults of fuch experiments. 
It may not be improper briefly to relate, the 
experiments by which this was afcertained: 


EXPERIMENT II; 


A quantity of melted fpérmaceti at to7; 
having been poured into the veffel F G; 
nearly 28 ounce meafures of atmofpherical 
air included in the bladder, were made to 
pafs by means of the prefs and weight through 
- the worm and filings. 

In this experiment, the air in the bladder 
had the fame heat with that in the room. 
During its paflage through the worm, it ac- 
quired the heat of the melted fpermaeeti; as 
appeared from the thermometer employed to 
indicate its temperature. This heat it im-< 
parted to the cold iron filings, which were 
silo by it, in Ke. minute » four degrees. 


EXPERIME 


The melted fperr cet being apain- intro- 
duced into the veffel, 28.ounce meafures of 
atmofpherical air, included : in the fame blad- 
der, which had not: been ufed for a confi- 

M 2 derable 
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derable time, were gradually raifed in a 
Dutch oven to the temperature of 95. The 
air was then forced through the worm 
and filings, and the heat imparted to the lat- 
ter, in one minute, was 8 degrees. 

In both thefe experiments, the air had ac- 
quired the temperature of the melted fper- 
maceti, as was evident from the thermometer 
inferted in the worm; and from the difference 
of the heat imparted to the filings, it is ma- 
nifeft that, in the fecond experiment, the 
warm bladder muft have communicated . 
moifture to the air contained in it; but in 
the firft, as it had not been previoufly heated, 
it was not in a condition to produce that ef- 
feét.. Hence we may perceive the caufe of 
the gradual diminution of the heat, in the 
experiments recited in page 159. 

The bladder ufed in thefe. experiments, 
had imbibed moifture in confequence of its 
expofure to the external air. When it was 
firft heated, it ‘communicated a portion of 
this moifture to the air contained in it, and 
the air in thefe circumftances, being filtered 
through the cold dry filings, the vapour which 
was mixed with it was cofMlen{ed, the filings 
became moift, and much fenfible heat was: 

pro- 
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produced : but in the fucceeding experiments, 
as the bladder was more perfectly dried, in 
confequence of being more frequently heat- 
ed, it communicated a fmaller quantity of 
moifture to the air which it contained; and 
confequently the latter, in paffing through 
the damp iron filings, gradually parted with 
lefs and lefs aqueous vapour, till at length it 
would not any longer give off moifture, but 
would rather be in a condition to abforb it. 

Agreeably to this I have found, that when 
the experiment was made by heating air con- 
_ fined in a bladder, and immerfing it in cold 
water, the heat imparted to the water was 
greater or lefs, in proportion as the bladder 
communicated to the air which it contained, 
-@ greater ora lefs quantity of moifture. 

Of this I fhall mention the following in- 
ftances. os ig 

Fourteen ounce meafures of atmofpherical 
air were introduced into.a fmall bladder, 
which weighed very nearly a drachm and an 
half, and which had ‘been perfectly dried, 
having been previoufly freed from its oil, by 
_ wafhing it carefully in foap and warm water. 
The temperature of the room 

‘being — — $0, 

ey M 3 The 
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The air contained in the 
bladder was gradually raif- 
ed in a Dutch oven to 10l, 
And was fuddenly immerfed 
in 18 ounces of water, 
which had the tempera- 


putire-of — ves 48.6, 
In three minutes the water 
was — = 49.1 nearly. 


The air, therefore, ad the biadder in 
which 1t was confined, communicated to the | 
water .5 of a degree nearly. 

But if great care was not taken to free the 
bladder from moufture, the heat imparted to 
the water in fimilar trials, was not lefs than 
8 or g tenths of a degree. And when blad- 
ders fomewhat larger were ufed, as in the 
experiments which were formerly publifhed 
on this fubject, the quantity of heat com- — 
municated was more than a degree. 

It appears, therefore, that thefe experi- 
ments are liable to great variations, from the 
moifture imparted by the bladder to the air 
which it contains. When the trial was made 
with the apparatus de {cribed above, the re- 
fult was alfo affected by the moifture which 
the iron filings might contain ; and as the 

aly 
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air necefflarily flowed through a portion of 


a cold pipe, in its paflage to the crooked 
tube, much heat was diffipated before it 
came into conta¢t with the filings. It is ma- 
nifeft, that the calculation of the heat which 
was thus loft, muft be attended with much 
uncertainty. 
_ Finding that thefe methods of making the 
experiment, were lable to fo many fources 
of fallacy, I next endeavoured to afcertain 
the relative capacities of the various kinds 
of air, by heating them in Florence flafks, 
and immerfing them in water; the tempe- 
rature of the air being meafured by a very 
fenfible mercurial thermometer, introduced 
into the centre of the flafk through a cork 
adapted to its mouth, and that of the water, 
by fimilar thermometers, which had each 
degree of Farhenheit’s he divided into ten 
equal parts. 

In my firft attempts to determine the com- 
parative heats of the permanently elaftic 
fluids by this apparatus, the Florence flafk 
was filled with water previoufly to the in- 
troduction of the air. But I foon found, 
that the quantity of moifture which adhered 
to the internal furface of the veffel, rendered 

M 4 the 
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the refult of the experiment precarious. For 
this reafon, in my fubfequent trials, the flaik, 
before the air was introduced into it, was. 
filled with mercury. 

From thefe trials it clearly appeared, that. 
dephlogifticated air communicated more heat 
to water, than fixed or phlogifticated alr, in 
fimilar Per ee 

It was found, however, from the errors. 
produced by variations in the relative poft-. 
tions of the flafk, and of the thermometers, 
and from the difficulty. of. introducing the 
former into the water, with equal velocities, 
in different experiments, that. the. compara- 
tive heats of the permanently elaftic fluids, 
could not be determined by. this. mode. of trial 
with fufficient accuracy. 

It may be proper to add, that in fome of 
the experiments. which were. inftituted in the 
courfe of this enquiry, I employed a fpirit 
of wine thermometer, that had. each degree 
divided into an hundred equal parts diftinétly 
vifible by the naked eye. The preference was 
given to that fluid for thefe experiments, as 
it is much more expanfible by heat than 
mercury. With this inftrument, I hoped 
that I fhould have been able to have diftin- 


guifhed 
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guifhed minute variations of heat; but it did 
not anfwer my expectations. 

For when thermometers are conftructed 
in fuch a manner, that the ball or cylinder 
in which the fluid, that meafures the heat is 
contained, fhall bear fo great a proportion 
to the fize of the bore, as that each degree 
may be {ubdivided into many equal parts, 
what 1s gained in the magnitude of the {cale, 
is loft in the diminifhed fenfibility of the in- 

ftrument. When the above-mentioned ther- 
- mometer, for example, was immerfed in wa- 
ter that had a higher temperature than itfelf 
by «= of a degree, it did not acquire the heat 
of the water, in lefs than a minute and a 
half. And when the fame thermometer, to- 
gether with a very, fenfible mercurial one, 
were placed in a {mall veflel containing wa- 
ter to which heat was applied externally by 
the hand, the mercury rofe feveral degrees 
higher than the fpirit of wine. 

Since, therefore, large thermometers, which 
are made with fpirits of wine, are very de- 
fective in point of fenfibility; and fince it 
appears, that when they are applied to a fub- 
{tance which has a variable heat, they never 
indicate its true temperature ; they are to- 

tally 
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tally improper for nice experiments, in which 
minute variations of heat are to be afcer- 
tained *, } 

1 likewife made trial of air thermometers, 
with a view to determine the comparative 
heats of the permanently elaftic fluids; but 
thefe, though very fenfible, did not anfwer 
the purpofe, being deficient in point of ac- 
curacy. | 
- In the courfe of my experiments on this 
fubject, fixed and phlogifticated air were 
found to undergo a remarkable change, when 
expofed to heat in bladders. 

This will appear from the experiments 
which follow. 

Air compleatly noxious was obtained by 
forcing frefh air into the touch-hole of a 
gun barrel, the butt-end of which contain- 
ing a fmall quantity of rofin, was expofed 
to a red heat. 

The air thus produced was received, by 
means of a crooked tube fixed to the mouth 
of the barrel, in an inverted jar filled with 


* It will be fhewn in the fequel, that a method was 
difcovered of employing, with advantage, large mercurial 
thermometers, to determine the comparative heats of the 
perma ae elaftic fluids. 

water, 
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water. Being carefully examined by Dr, 
Prieftley’s teft, 1t was found, that two mea- 
fures of it mixed with one of nitrous air, oc- 
 cupied the fpace of three meafures. A quart 
_ and half a pint of this air, was then intro- 
duced into a thin bladder, furrounded with 
a covering of flannel, and was gradually 
raifed in a Dutch oven placed before a fire 
in the room, to the temperature of 130. 
After-which, it was very nearly as good as 
common air, two mea{ures of it, and one of 
nitrous alr, occupying the {pace of two mea- 
fures *. It is neceflary to obferve, that this 
experiment was made in a very thin hog’s 
bladder, which had been previoufly well rub- 
bed.—If the experiment be made in a thick 
bladder, that has not been previoufly rubbed, 
it will not fucceed. | 

A fimilar improvement was made in fixed 
air by expofure to heat in bladders. It is 
proper, however, to remark, that in the lat- 


* When air newly obtained from rofin, in the manner 
above defcribed, was expofed to heat, a penetrating fmell 
was perceived to iflue from the bladder in which it was 
confined, but this effect was produced in a much fighter 
degree, when the air, previoufly to its expofure to heat, 
had been kept for a confiderable time in contact with 
a eet | fl 2: Ail 

st ter 
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ter {pecies of air, the change was effected 
with greater difficulty; more heat, and a lon= 
ger time being required to produce tt. 
I thall obferve in the laft place, that if air 
confined in a bladder, and heated as above, 
be immerfed in water, which is nearly of the 
fame temperature with the atmofphere, lefs 
heat will be imparted, all other circumftances 
being equal, than if it had been immerfed 
in water feveral degrees below the tempera- 
ture of the atmofphere; a portion of the 
heat communicated, in the latter inftance, be- 
ing evidently derived from the external air, 
in confequence of the agitation: given to’ the 
water, by immerfing in it a body that has‘a 
large furface. The error arifing from this 
caufe may be eftimated by the following ex- 
periment. 
Air in the room ae Sp 
A pint of water in a tin veffel be- 
ing found, when tried by a very 
accurate thermometer, that had. 
each degree divided into ten equal 
parts, to have the temperature of 74.5, 
Anda pint of atmofpherical air, 
which was contained in a blad- 
der, and which had precifely the 
fame 


upon ANiMaL Heat, &c. 173 


fame heat with the air in the — 
room, being fuddenly immerfed 

in this water, the latter was 
raifed to 74.6, 


a cashld to this I have obferved, that if 


phlogifticated air, which had been made 50 


degrees hotter than the air in the room, was 


immerfed in water one degree below the tem- 
perature of the atmofphere, it would com- 


municate more heat, by nearly one-tenth of 


Fasa ree, than if it had been immerfed in 


water, only half a degree below the tempe- 


ratureof the atmofphere. 


The water ufed in the above experiment, 
had been raifed to 75.1, after which it had 
remained in the room more than an hour; 
during this time it was cooled by evaporation 


to 74.5, and at this point it remained ftati- 
onary, the air in the room being 75.5. 


In a former experiment, the air in the 


room being 72.5, and the fame thermome- 
ter being introduced into a pint of water 


that was raifed in the fame vefiel to 72.5, 


4 


_ ing at 72.5. 


j _ the temperature. of the water was found to 


fall, in.a fhort time, to 72, the air remain- 


The 
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The laft experiment was repeated with 4 
fimilar refult, when the air was at 65. 

This feems to prove, that the evaporation 
from the furface of water, is not always in 
proportion to the heat of the external air ; 
but is fometimes the fame at different tem- 
peratures, and different when the tempera- 
tures are the fame. 

From thefe facts and obfervations it will 
appear, that the following circumftances re- 
quire attention, in experiments for deter- 
mining the comparative heats of the perma- 
nently elaftic fluids. 

1. The portions of the aerial fluids that 
are to be fubjected to the experiment, fhould 
be freé from moifture: or at leaft the quan- 
tities of moifture which they contain, fhould 
be as nearly equal as poffible. 

2. The trials fhould be made in fuch a 
manner, that thofe fluids may undergo no 
change during the experiment. | 

3. If the experiment be made by immerf- 
ing air in water, the temperature of the lat- 
ter, previoufly to the 1mmerfion, fhould be 
fomewhat lower than that of the air in the 
room; and it is of great importance, that 
the difference between the heat of the fur- 

rounding 
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rounding atmofphere, and of the water, be- 
fore the air is introduced into it, fhould be 
the fame in different experiments. | 

4. The air fhould be introduced into the 
water as fpeedily as poffible ; and in different 
experiments, the velocities of introduction 
fhould be equal. _ 

5. In order to magnify the differences be- 
tween the heats communicated by the vari- 
ous kinds of permanently elaftic fluids, it is 
proper to raife them to a high temperature, 
previoufly to their immerfion in the water ; 
for the heats imparted by thofe fluids, and 
confequently the differences of the heats which 
they communicate, will be nearly in propor- 
tion to the excefs of their temperatures, above 
that of the water in which they are immerfed. 

This, however, muft be underftood with 
fome limitation ; for when the temperature 
of the air that is to be employed in the ex- 
periment is very high, a part of the water 
will be converted into vapour at the moment 
ef immerfion, and much heat will be loft. 
If oil be ufed as a ftandard inftead of water, 
the raifing of the air to a very high degree of 
heat, will moreover be fubjeét to this in- 
_ conyenience, that a confiderable time will be 
required, 
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required, after immerfion, to bring the air 
and oil to a common temperature. I have 
found in general, that the air may be raifed 
with advantage, nearly to the heat of boil- 
ing water. 

6. It is of importance to employ thermo- 
meters, which are very fenfible, and which 
at the fame time have as large a fcale as pof- 
fible. Thefe qualities are with difficulty 
combind in the fame inftrument. ‘They 
may, however, be in fome meafure united by 
ufing {mall mercurial thermometers with very 
tine bores. 

Of the different fluids that have hitherto 
been tried for the purpofe of meafuring mi- 


nute variations of heat, mercury 1s decidedly — 


the beft; for air is defective in point of ac- 
curacy, and all other fluids, excepting air, 
are inferior to mercury in fenfibility. 

7. In different experiments the thermo- 
meter fhould be kept precifely at the fame 


diftance from the bladder or veffel contain- » 


ing the air, and from the furface and bottom 
of the water. 
8. It is of great importance that the air, 


and the fluid to which it imparts its heat, - 


f{hould fpeedily acquire a common tempera- 
| . ture ; 
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: ture; and, onthe contrary, that the fluid to 
which the heat is imparted, fhould give off — 
that heat as flowly as poffible to the furround- 
_ing-atmofphere. | 
— With thefe circumftances in view, I con- 
trived an apparatus for determining the com- 
parative heats of the different kinds of air, the 
outlines of which are exprefled in plate II. 
AB, CD, reprefent two flight brafs cylin- 
_drical vefiels, of equal weights and capacities, 
terminating in the {mall tubes /s, r, at the 
extremities of which are fixed the brafs cocks 
sand k. ‘Thefe cocks are joined to the crofs 
bar MN, which confifts of two elaftic brafs 
plates that are {crewed together at the mid- 
dle, but are capable of being feparated from 
each other, to a little diftance, at their ex- 
_tremities; in confequence of which the necks 
of the cocks, that are fixed to the ftems of the 
brafs veffels, can be flipped in between them, 
where they are lodged in grooves formed for 
receiving them, and are made faft by {mall 
ferews that pafs through the extremities of 
| the plates. To the middle of the crofs bar 
is fixed a fquare focket, the inner furface of 
“which is finely polifhed, and which 1s of fuch 
a fize as to be accurately adapted to the 
4 N polifhed 
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polifhed upright bar EF, and at the fame 
time eafily moveable upon it. At equal dif- 
tances from the upright bar are placed the 
tinned veffels GH, IK, that have a little 
more than double the capacity of the brafs 
cylinders. The diftances of the veflels and 
cylinders from the upright bar are fo adjuft-_ 
ed, that when the cylinders are made to de-" 
fcend, they fhall be directed by the bar and 
focket precifely into the centres of the tinned 
veffels, and when, in defcending, they have 
arrived at + of an inch from the bottoms 
of thofe veffels, they are {topped by means 
of a pin fixed in the upright bar at the pomt 
T. -The cylinders being formed for the pur- 
pofe of receiving the airs, which were to 
have their comparative heats determined, were 
made very flight, in order that the quanti- 
ties of the airs, might bear as great a propor- 
tion as poffible, to the weight of the veffels 
in which they were contained. With a view 
to diminifh the inaccuracy unavoidably arif- 
ing from the heats communicated by the 
cocks s, & and by the crofs bar MN, the 
tubes /s, 72, were made very flight, and of 
a confiderable length; the diftance from the 
cocks to the brafs cylinders, being four inches 

and 
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and feven-eighths. From the length and 
flightnefs of the tubes, it was found that the 
brafs cylinders could not be kept fufficiently 
fteady, in the centres of the tinned veffels, by 
the crofs bar MN. For this reafon another 
bar O P was added, a lateral view of which is 
feen in figure rft, plate III. 

ab reprefents a narrow brafs plate of a 
confiderable thicknefs, to which is fixed the 
focket 0 A, moveable upon the upright bar 
formerly defcribed. ‘The two thin plates ¢ 7, 
dk, are riveted to a4, at the points o and f, 
and their extremities / and m are formed inte 
grooves which are adapted to one half of the 
circumference of the {tems of the brafs cylin- 
ders, to the other half of which are clofely 
applied two brafs pieces, which are alfo 
grooved, and which are faftened to the plates 
by the fcrews rand s. The two male fcrews, 
gand 4, are paffed through the extremities of 
the thick platea4. Thefe are introduced into 
two correfponding female {crews in the thin 
plates c n, da bk, by means of which, it is - 
evident that the latter may be made to ap- 
proach nearer to the former, or to recede to 
a greater diftance from it. This motion is 
communicated to the ftems of the brafs cylin- 
IN ders, 
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ders, by means of which they are adjuft- 
ed; in fuch a manner, as that, when they 
are introduced into the water, they {hall be 
accurately in the centres of the tinned vef- 
fels, where they are kept fteadily in their 
proper pofitions. The fuperior and inferior 
crofs bars are connected together by a thin 
plate of brafs, which pafles from the focket 
of the former to that of the latter, and which 
is made fait by means of fcrews. The {crew 
that fixes this plate to the focket of the in- 
ferior bar, is of fuch a length, as, when 
{crewed home, to extend to a {mall diftance 
beyond its inner furface, by which means 
the apparatus, in defcending along the up- 
right bar, may be faftened to any part of it. 

To each of the tinned veflels two very fmall 
mercurial thermometers are fixed, which are 
of different lengths, the longer reaching as 
far as. the centre of the vefiel, the fhorter ~ 
extending a httle lower than the furface. 

The thermometers ¢4 and cd, (fee the 
fieure, plate IH.) which indicate the heat in 
the veflel G H, are applied to a thin plate of 
ivory ef, which has two feales divided upon 
it, one for each thermometer. This plate is 
fixed to the vefiel by means of a clamp g A, 

the 
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the thank of which (gb) confifts of two thin 
elaftic brafs plates, united at the top, and 
feparable from each other at the lower ex- 
tremity. For the purpofe of admitting the 
thermometers, the projecting part ov, hav- 
ing the figure of a paralelopiped, was added 
to the tinned vefiel. ‘The exterior fide of this 
projection, 1s received between the plates of 
the fhank defcribed above. Thefe plates are 
clofely applied to it by means of their elafti- 
city, in confequence of which the clamp is 
{teadily retained in its pofition, at the fame 
time that it admits of a confiderable degree 
of elevation or depreflion. Hence the depth 
to which the thermometers are funk, may be 
varied at pleafure; and in order that this 
depth may be accurately known, a {fcale of 
equal parts 1s divided upon the exterior plate 
of the fhank. Through the upper part of, _ 
the fhank is pafled a {mail male {crew S, fimi- 
lar to that which is ufed in adjufting the focus 
ef atelefcope. This is introduced into a cor- 
refponding female fcrew inferted in the ivory 
plate, which has the thermometers fixed to it ; 
and as that plate is fufpended in the clamp by 
a pin, around which it has a free motion, it 
is manifeft that by turning the above-men- 

fs ee tioned 
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tioned-fcrew, the thermometers may be made 
to approach nearer to the centre of the vefiel, 
or to recede farther from 1t. 

For the purpofe of admitting a third ther- 
mometer, which was ufed in fome expert- 
ments, a {mall female {crew was {foldered 
obliquely near to the bottom of each of the 
tinned veffels. Through this the thermo- 
meter was introduced into the vefiel, and 
was made faft by means of a male fcrew 
cemented to its ftem. Thefe {crews prefied 
upon each other by flat furfaces, which were 
ground with fuch accuracy, as to be oil or 
water tight, without the help of leathers. 
Two {mall mercurial thermometers /and r (fee 
fig. plate IJ.) were introduced by means of 
{crews into the centres of the brafs cylinders, 
for the purpofe of meafuring the heats of the 
airs which they contained. Thefe thermo- 
meters have the degrees divided upon their 
{tems by a diamond. 

The following method was employed to Re 
the air from moifture, and to introduce it into 
the brafs cylinders: fee plate I. fig. 7. abcd 
reprefents a pewter fyringe, which is occafion- 
ally filled with water, and inverted in a veflel 
containing the fame fluid. The fyringe be- 
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_ ing placed in this fituation, the air, which is 
to be the fubject of the experiment, 1s intro- 
_ duced into it by means of a glafs funnel. 
- When the air 1s introduced, afmall pipe g 4, 
which has the cock g fixed to it, is {crewed to 
_ the extremity of the fyringe below the furface 
of the water. The cock being open, the pifton 
(20) is forced a little downward, to expel the 
water with which the pipe g 4 1s unavoidably 
filled, when it is {crewed to the fyringe. Up- 
on this the cock being clofed, and the fyringe 
being raifed from the water, it is {crewed to 
the worm &/, that is fixed in the wooden vef- 
fel zm, and is furrounded with a mixture of 
fnow and falt. 
A flaccid bladder Biereie freed from 
*, by rolling it with packthread, and hav- 
“th a brafs cock p firmly attached to its neck, 
is {crewed to the extremity of the worm /. 
The communication through the worm is 
then opened by turning the cocks p and g; and 
the air is gradually forced from the fyringe 
into the bladder, in which it is confined by 
fhutting the cock. ‘The bladder containing 
the air is next feparated from the worm, and 
is {crewed to the extremity of the cock, which 
is fixed to the ftem of the brafs cylinder, the 
N 4 latter 


~ ia 


184 EXPERIMENTS AND OBSERVATIONS 


latter having been previoufly exhaufted by ~ 
an air pump; the communication is now. 7 


opened by turning the cocks, and the air 

rufhes from the bladder into the cylinder. 
The worm is furrounded with a mixture of 

fnow and falt, that the air, by the cold to 


which it is expofed in its paflage, may be as 


much as poflible freed from m@ifture. The 
experiments which have been made to prove 
that ice evaporates, cannot properly be ob- 
jected to this method of feparating moifture 


from the air. For my friend, Mr. Wilfon, 


has difcovered by ftatical experiments, that 
-at very low temperatures, no’ evaporation 
takes place from the furface of {now *. 

In trials for determining the comparative 
heat of air, by means of the apparatus now. 
defcribed, it is of great importance that the 
worm, the bladder, and brafs cylinder, fhould 
be perfectly dry; and this circumftance be- 
ing properly attended to, I have not found 
any difference to take place, between the heat 


* Jt has been proved by Wallerids. that the evaporation 
‘of ice is ereateft at the moment of conge lation ; and that 
it diminifhes when the cold is increafed. See SWwauanbs 
Memoir de l’Academie de Suede, 1746. The experi- 
ments of Wallerius on this fubject are confirmed by thofe 

of Mufchenbroke. 
com-= 
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coinmunicated to water by air, which, pre- 

_ vioufly to its introduction into the cylinder, 
had been cooled to a low temperature, and 
by that which had been introduced at the 
temperature of the air in the room. It is 

. proper, however, that the airs fhould be in- 
troduced at a temperature fomewhat lower 
than that of the water in the tinned veffels ; 
becaufe we are then certain that they do not 

contain any aqueous vapour, capable of be- 
ing condenfed by the fluid in which they are 
immerfed. 

From Sauffeur’s experiments it appears, 
that the quantity of aqueous vapour attracted 
by the air of the atmoifphere, when at 65 of 
Farhenheit, is very {mall, a cubic foot of air 
requiring not more than eleven or twelve 
grains of vapour to bring it from the ftate of 
perfect drynefs to that of extreme moifture. 
Hence it follows, that not more than ; of a 
grain would be neceflary to faturate with 
aqueous vapour, 37.9 cubic inches of air, 
which is equal to the folid content of one of 
the cylinders. It has alfo been proved by the 
fame Philofopher, that minute quantities of 

water are fufficient to faturate the other per- 
~ manently elaftic fluids.. When we find, there- 
kore, 
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fore, that the aérial fluid, which is to be the 
fubject of our experiment, is at any of the 
intermediate degrees, between the points of 
faturation and extreme drynefs, we are fure 
that it contains a very fmall quantity of 
moifture. | : 

The brafs cylinders were heated by the fol-_ 
lowing contrivances, fee plate PEE figure 2, 
AB reprefents a quadrangular tinned veffel, 
that has the two fmaller veflels C D, EF, fix- 
ed to its bottom by means of dovetails, along © 
which they may be made to flide, and may 
be fo adjufted that their diftances from each 
other, fhall be equal to the diftances of the 
cylindrical vefiels in which the air is contain- 
ed; their fize being fuch that they fhall be 
nearly accurately filled by thofe veffels, when 
the latter are introduced into them. It is, 
therefore, manife{t that warm water contained ' 
in the large vefiel A B, and coming into con- 
tact with the external furfaces of the fmaller 
velfels CD, EF, will neceflarily communi- 
cate a part of its heat to thofe veffels, and to 
the cylinders which are placed in them. If 
the cylinders had been heated by being im- 
mediately immerfed in warm water, a quan- 
tity of moifture would have adhered to their 


fides, 
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fides, which would have produced an in- 
accuracy in the experiment. 

In conftruéting the above deferibed appa- 
ratus, which was made by Mefirs. Nairne 
and Blunt, great care was taken that the 
brafs cylinders flhould be precifely equal in 
weight, dimenfions, and capacity. Their 
weight is 7 ounces, 3 drams, 38 grains troy 
each; the length is 8 inches and2z; the 
breadth 2 inches 2 near to their upper ex- 
tremity, and 2 inches s near to the bottom. 
They are each of them capable of contaiming 
twenty ounces Troy of water, and confequent- 
ly the folid content is 37.91 cubic inches. ‘The 
tinned veffels are alfo equal to each other in 
weight and dimenfions. They are covered with 
thick flannel for the purpofe of confining, as 
much as poffible, the heat imparted to the 
water by the cylinders. | 

The bulbs of the thermometers were not 
more than ~; of an inch in diameter, in 
confequence of which they were very fenfible ; 
and their bores were fo minute as to admit 
of a large fcale, each degree of Farhenheit 
being divided into ten equal parts, diftin¢ctly 
vifible to the naked eye. It was found a very 
difficult undertaking to graduate four ther- 

mometers 
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mometers of fo fmall a fize, with fuch preci. 
fion, as accurately to cortefpond with each 
other. After many attempts, in the courfe: 
of feveral months, it was at length accom-- 
plifhed. They were fo exactly adjufted, as not 
to differ from each other more than the 4, of 
a degree in any part of the cale, excepting. 
in a {mall portion of it near to the beginning, 
where the variation was +5 of a degree.) 
That the difference might be ftill farther di-. 
minifhed, a fcale of the errors was formed, 
by immerfing the thermometers in a veflel 
containing a large quantity of warm water, 
and by accurately examining the contraétions 
in each thermometer, which correfponded to 
the diminutions of heat in the water. 

I fhall now proceed briefly to relate the 
experiments which were made with this ap- 
paratus. The following was tried with a 
view to examine the accuracy of the inftru- 
ment. 


ExPERIMENT I, 


‘The cylinders having been previoufly made 
perfectly dry, and having been exhauft- 
ed by means of an air pump, equal quanti- 
ties of atmofpherical air were introduced into 

| them. 
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them. . They were placed in the water bath 
formerly defcribed, and were expofed to the 
action of boiling water for ten minutes. 

- Into each of the tinned veflels GH, IK, 
fee fig. plate II. was introduced 20 ounces 
‘Troy of water, having very nearly the fame 
temperature with the air in the room. The 
water bath and cylinders being now removed 
from the fire, were placed upon a ftand be- 
low the table, on which the upright bar and 
tinned veflels were fixed. ‘The cylinders were 
then inftantly raifed from the bath, and were 
‘introduced, by means of the focket and up- 
‘right bar, into the centre of the water in the 
tinned veflels, where they were kept faft by a 
fcrew applied to the bar. Having been fuf- 
fered to remain in this fituation for five mi- 
nutes, they were removed; the water in the 
veffels during a few feconds was equally agi- 
tated; after which the temperatures being 
examined by the central thermometers, with 
the help of a magnifier, were found to cor- 
refpond within lefs than the +; of a degree. 
This experiment was feveral times repeated 
witha fimilar refult, the cylinders being fuf- 
i fered to remain immerfed in the water, dur- 
ing the fpace of eight, twelve, and fixteen 
ee) minutes 
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minutes fucceffively, The cylinders were: 
heated in a room adjoining to that in which 
the tinned veffels containing the water were: 
placed; becaufe a fire in the latter, by dif-. 
turbing the equality of its temperature, would. 
have rendered the experiment liable to in- 
accuracy. 

The tinned veffel and brafs cylinder, placed 
towards the right hand during the examina- 
tion of the thermometers, may be diftinguifh- 
ed by the letter R ; thofe towards the left by L 


EXPERIMENT HII. 


The cylinder L was filled in the manner 
defcribed above with dephlogifticated air, the 
purity of which, when it was examined, at 
the conclufion of the experiment, was fuch 
that one meafure of it, mixed with two of 
nitrous air, occupied the fpace of one 
meafure. | 

Frefh atmofpherical air was introduced in- 
to the cylinder R. 

Twenty ounces Troy of water was contain- 
ed in each of the tinned veflels. 

The air in the room was 58.1. 

The water in the veffels being agitated for 
a few feconds, the temperature in R was 


found to be 57.8; that in L, 57.8. 
The 
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The cylinders having been previoufly ex- 
-pofed, in the water bath, to the action. of 
boiling water, for 10 minutes, were fud- 
denly introduced, as in the former experi- 
ments, into the tinned veflels. They were 
3 kept in this pofition for 14 minutes, during 
which time the temperatures, examined by 
the central thermometers, were as follows: 


| eas L 
1min. 58.8 alittlemore 59.1 
Peds at a oe ae 
a @ . | 9,2 — 59.4. alittle lefs 
- ~ se pt 59-4 
Bea 80.4 o— 59.5 alittle lefs 
Gee. 5.3 — 59-5 very nearly 
5 er tage Ea Gs 59'S 
LO EQ.4 — 59.6 alittle lefs 
ban oy 595 — 59-7 a little lefs 


The cylinders being then removed, and 
the water agitated for a {hort time, the gene- 
ral temperature in the vefiel R was a little 
lefs than 60; thatin L 60.2. 

The air in the room was 60.25, very 
nearly. 

This experiment was repeated with the 
following refult. 

ii X- 
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Air in the room 
Water in each of the 
tinned veflels : 


ficial thermometers, were as follows. 


es 
ON] Qtr BO NB 
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EXPERIMENT III. 


R 


Centre. 
O11 p. 
O ipl ope 


61.2 m. 


GTi2- Pp. 
61.2 p. 
Din op. 


Ba 2th. 


OT52°p.. 
Gl-2 p: 


OL 2UpF 


61.2 p. 


Surface. 
02.0. 
62.9 


62.8 p. 
O2 ep 
6228 op: 


62.8 
62.8 


OS ar 
eee, 


Oaly 
62.7 


58.6 


59.5 very nearly. 

Dephlogifticated air, having the fame de- — 
gree of purity with that ufed in the preceding 
experiment, was introduced into the cylinder 
L, and atmofpherical air into R. | 

The cylinders were then heated, and im- 
merfed in the tinned veffels, in the manner 
defcribed above ; and the temperatures being 
accurately examined by the central and fuper- 


L 


Centre. . 


Di Zar. 


OL ae 


61.4 mM. 


61.4. Mm. 


OTeAst 


61-4 


61.4 

O1.4 p. 
61.4 p. 
61.4 p. 
ob ey mae 


Surface. 


N.B. The letter p, placed after fome of the figures, 
fignihes, a@ little more, and the letter m, a Uittle lefs, 
Thefe letters were added when the excefs or defect did not 
amount to more than the .'5 of a degree. 


The 
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The cylinders being removed, and the 
water a little agitatedy the general tempera- 


ture in R was Gish. 
In. B — ee Gig fp: 
The air in the room was a little 
lefs than — 61. 


The reader will perceive that, in the courfe 
of thefe experiments, the temperature of the 
air in the room was fo much increafed, as to. 
_ be nearly equal, at the end of 12 or 14 mi- 
nutes, to the temperature of the water in the 
tinned veffels. 

This was effected by the heat of the per- 
fons who were prefent, and by candles that 
were brought into the room at the begin- 
ning of the experiment. 

If the temperature of the air in the room 
were not increafed nearly in proportion to 
that of the water, the difference between the 
heats imparted by the dephlogifticated and 
atmofpherical air, would gradually diminith 
in the courfe of the experiment, and would 
at length entirely vanifh. For though the 
tinned veffels were enveloped with coverings 
_ that were flow conductors of heat, yet when 
_ the airin the room had a lower temperature: 
_ than the water in which the cylinders were 
- immerfed, the efcape of the heat could no, 

rea Oo be 
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be entirely .prevented; becaufe we do. not 
know any fubftance in nature which 1s al- 
together impervious to that principle: and 
hence it is manifeft that if the portions of 
water, to which the airs in the cylinders im- 
parted their heat, were placed in‘a cooling 
medium, the fluid in the veffel, which had 
the higheft temperature, would moft f{peedily 


-give off its heat to the furrounding bodies. 


‘The excefs of the heat communicated by the 
pure air, above that communicated by the 
atmofpherical, would therefore gradually di- 
minifh, and would at length vanith. 

It is evident that, in the foregoing experi- 
ments, moft of the caufes of error formerly 
enumerated, were avoided. 

The effects of moifture were obviated by 
making the cylindrical veflels perfeétly dry, 


~and introducing the airs into them’ at’ a’ low 


temperature ; ‘as the two’ kinds of*air were 


-expofed for the fame length of time to the 
action of boiling water, they muft neceflarily 


have acquired the fame degree of heat ; being 
raifed from the bath, and introducéd into the: 


“water at the fame moment, they mutt ‘have: 


‘been immerfed with equal velocities; the: 
‘portions of water in the tinned veflels, ‘previ-. 


woufly to the immerfion, ‘had -nearly'the fame: 


temperature 
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temperature with the air in the room; and 
the heats, imparted to them were indicated by 
accurate thermometers, which were very fen- 
fible, and hada large feale. After the cylin- 
ders were immerfed, the temperature of the- 
air in the room was gradually augmented, 
in fuch a manner, as.to be nearly equal to 
the temperature of the water at the end of 
the experiment ; and hence the errors which 
might. proceed from an inequality in the re- 
frigeration of the water, were ina great mea- 
fure avoided. The fallacy arifing from the 
heats imparted by the veffels,, in which the 
airs, were contained, was alfo obviated by this 
apparatus. For as the cylinders were per- 
fectly equal in temperature, weight, and 
capacity, the portions of heat communicated 
by them to the water, muit have been equal, 
and muft therefore have balanced each other. 
Whence it is evident that the difference 
obferved, in the above experiments, muft be 
attributed folely to the difference between the 
heats imparted by. the dephlogifticated and 

atmofpherical air. | 
The following experiment proves, that if 
atmofpherical air be contained in both cylin- 
. ders, and if, at the beginning of the expert- 
ment, the water in one of the tinned vefiels 
Ae ate have 


- 
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have a higher temperature than that in the 
other by x. of a degree, this difference will 
exift during the ieee of 12 minutes, and 
will appear at laft in the water after the cylin- 
ders are removed. 


EXPERIMENT IV. 


Atmofpherical air was introduced into both 
cylinders. : 


The air in the room was a eR Ones 
The water in the veffel R - 60.4, 
that in L - - 60.6. 


The cylinders, heated as before, were fud- 


denly immerfed in the water, and the tem- 


peratures at the centre and furface were exa- 
mined during the {pace of 12 minutes. 


R L R L 

Min. Centre. Centre. Surface. Surface. 
Ip Ol 65/0157 63.9 m. 63.9 
2eOT ORI. 02 63.9 m. 63.9 


2 ewOi<O 62 7p. 603-0570 NG 
4 wabt.9 G2 eT. 6359 7.021 
Smee 2.62. 0997. > 63:8- ps 6320 
ONPG Ieg eae sO etit7.:: 03280. 2;..63.9 
72 eOIeD Oot: 0220 63.9 
Bi 61:9 62.1 637 ps - 03 OW. 
9 61.9 62.1 O2°7 63.9 m. 

10 61.9 02 TPs 03. Op. OSes 

PO. p. 625. p. 63.6 pba, 
£2 aoe st 02 1 ep 03.6. p.° 63.8: 

| The 


Sta 
“a 
shea 
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The cylinders being removed, and the wa- 
ter agitated, the general temperature in R 
was | — — ba, 2, 

that in L was — poe: 

At the conclufion of the experiment, the 


temperature of the air in the room was near- 


ly a degree lower than that of the water in 
the tinned veffels. 

The reader will perceive that, in the fecond 
experiment, the temperature of the water, 
before the cylinders were immerfed in it, was 
a little lefs than that of the air in the room ; 
in the third its temperature was a little 
greater; andin the fourth the water had not 
only a higher temperature, at the beginning 
of the experiment, than the furrounding air ; 
but the heat of the latter, at the conclufion, 
was nearly a degree below that of the former. 

Thefe feem to have been the principal rea- 
fons, why, in the fecond experiment, more 
heat was imparted to the water by the cylin- 
ders, than in the third, and in the third 
more than in the fourth. 

It is, however, manifeft that the quantity 
of heat communicated muft in fome meafure 
depend upon the velocity with which the 
cylinders are immerfed in the water, and it is 

: ©: 2 difficult 
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difficult, in different experiments, to immerfe 
them with velocities that are precifely equal. 

In making thefé experiments, it is necef- 
fary that the cylinders, when they are raifed 
from the water bath, fhould be moved as 
{peedily through the aif as poffible; and at 
the fame time, as foon as they have approach- 
ed to the water, in the tinned veffels, they 
fhould be introduced with a moderate degree 
of velocity ; for if the velocity with which 
they are introduced be very great, the im- 
pulfe given to the water will be fuch as to 
force a part of it from the veffels, and the 
warmer and colder particles at the furface 
and centre being intermixed, will produce an 
irregularity in the heats indicated by the 
thermometers. 

It appears from the above experiments, 
that when dephiogifticated air was contained 
in the cylinder L, and atmofpherical air in 
R, the former communicated a greater quan- 
tity of heat to an equal bulk of water thar 
the latter, by “> of a degree; and that the 
purity of the dephlogifticated air, which pro- 
duced this effect, was fuch that one meafure 
of it, mixed with two of nitrous air, occupied 
the {pace of one meature. 

| 2 As 


i 
Be 
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As thefe experiments are of a very delicate 
nature, in order ftill farther to guard againft 
fallacy, they were. reverfed by introducing 
dephlogifticated air, nearly of the fame purity 
with the above, into the cylinder R, and 
atmofpherical air intoL. It was. then found, 
all other circumftances being the fame as in 
the former experiments, that the pure air in, 
the cylinder R imparted) more heat to the 


_ water, than the atmofpherical air in L, by 


vo Of a degree. 

I varied this experiment, by introducing 
hot oil inftead of boiling water into the vef- 
fel ufed for heating the cylinders; and hav- 
ing thus raifed the cylinders, one of which 
contained pure, and the other common air, 
to 300, I fuddenly immerfed them in equal 
portions of water, that had nearly the tem- 
perature of the air in the room; and the 


thermometers being accurately examined by 


my friend, Dr. Percival, during feveral mi- 
nutes, the difference of the heats, imparted by 
the pure and common air, was found to be 

nearly + of a degree. : 
The tinned veffels, in which the water was 
contained, were larger than thofe ufed in the 
preceding experiments, the quantity of water 
O 4 e's 
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in each being 32 ounces, 6 drams, and 28 

grains Avoirdupoife. ‘Though this experi-- 
ment was made with great care, yet it was 

- fuppofed that the refult was not altogether 
accurate, becaufe, upon immerfing the cylin- 
ders in the water, a hiffing noife was heard, 

and a fmall quantity of vapour was obferved 
to afcend from each veffel. It does not how- 
ever appear, that the inaccuracy produced by 
the afcent of the vapour in this inftance was 
confiderable; for if a juft allowance be made © 
for the heat which efcaped from the cylinders, 
during their paflage through the air, when ~ 
they were raifed from the bath, for the pur- 
pofe of introducing them into the tinned vef- 
{els, the ratio of the heats of pure and of 
common air, as determined by this experi- 
ment, will appear to be very nearly the fame 
with that determined by thofe which were 
formerly recited. 3 

Though the refults of the foregoing experi- 

ments appear to be decifive, yet in order to 
afcertain the comparative heats of the aérial 
fluids with greater precifion, it was thought 
- proper, in the experiments which I fhall now 
_ relate; to fubftitute oil as a ftandard inftead 
| of 
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of water; the former having a lefs capacity for 
heat, and confequently having its temperature 
more augmented by the addition of a given 
quantity of that principle, than the latter. 
It is proper to obferve, that when experi- 
‘ments, fimilar to thofe recited above, are 
made with oil, the variations of heat pro- 
duced by the.immerfion of the cylinders, con- 
tinue for a much greater length of time, than 
when they are made with water. The reader 
will perceive that thefe variations could not 
be exactly afcertained, by placing the thermo- 
‘meters in the middle point between the brafs 
cylinders, and the interior furfaces of the tin- 
ned veffels; for, in that cafe, thofe inftru- 
ments would not indicate equal changes of 
heat, unlefs they poifefied equal fenfibilities ; 
but four thermometers equally fenfible can 
fcarcely be obtained; for, in order that they 
fhould poffefs this quality, itis neceffary that 
the quantities of mercury which they con- 
tain, and the thicknefs of their bulbs, fhould 
_be precifely equal. 

‘Now it is manifeft that thermometers, 
unequally influenced by heat, cannot deter- 
mine variable differences with precifion, un- 

lefs 
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lefs they be adjufted at diftances from the 
heating bodies, proportional to their fenfibili- 
ties. This adjuftment was accomplifhed by 
repeatedly introducing the heated: cylinders, 
containing equal quantities of atmofpherical 
air, into the cold oil, and: varying the dif- 
tances of the thermometers, until the heats 
indicated by them were equal. After many 
trials made with the moft folicitous atten- 
tion, in which I was affifted by my friend, 
Dr. Hamilton, on whofe accuracy I could 
place the greateft reliance, the central ther- 
-mometers were at length adjufted with fuch 
exactnefs, that the heats indicated by them 
did not vary from each other more than the 
tenth of a degree, which will appear from 
the following experiment. 


EXPERIMENT VI, 


Air in the room 56:. 

One pound, four ounces and : of an 
ounce Avoirdupoife of fpermaceti oil, was in- 
troduced into each of the tinned veflels, the 
depth of the oil being a little more than half 
the height of the vefiel, in confequence of 


which 
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which the central thermometers reached to a 
fimall diftance below the furface of the oil, 
and were therefore compleatly immerfed in it. 
_ The temperature of the oil was a few de- 
grees lower than that of the air in the room, 
in order that when it was heated by the cylin- 
ders, its mean heat might benearly equal with 
that of the furrounding air. The portions 
of oil in the tinned veflels were equally agi- 
tated by finall glafs tubes, that the heat 
might be equally diffufed over them; the 
agitation being continued for a few minutes 
until the thermometers became ftationary. 
a his was repeated feveral times, and the tem= 
peratures being obferved, immediately before 
the cylinders were immerfed, that in R was 
found. to be 53.5; L 53.5. 
_ The cylinders containing atmofpherical 
@it were heated in an adjoining room, by 
means of the water bath formerly defcribed, 
which was kept at the boiling point for ro 
‘minutes. The bath and cylinders being then 
‘removed into the room, in which the tinned 
-veflels were placed, and the cylinders being 
fpeedily immerfed in the oil, the tempera- 
tures, during the {pace of five minutes, were 
as follows: 
Centre. 
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Centre. Surface. 
R L RR). 33 
1 Min. 532.6 5370) So ae 60 
2 54-3 54.4 60.7 61.3% 
3 54.8 G4. ener 61.39 
4 bee GI HOTA 61.3 
Fe 5G. Sane i5'.70 2361 epee Oiee 


The air in the room at the end of the ex- 
periment was 60. As the two thermometers: 
in each of the tin veflels were placed on the 
fame ivory plate, having a double fcale, the 
reader will perceive that when thofe at the 
centre were adjufted in fuch a manner as to 
indicate nearly equal heats, the furperficial 
ones could not be fo adjufted, unlefs the lat-- 
ter had poffeffed precifely the fame degree of 
fenfibility with the former; but as their fen- 
fibilities were different, the heats indicated at 
the furface, during the firft two minutes, were 
very unequal; after which they approached 
to each other within the .2 of a degree. 

I then made the following experiment, 
with the affiftance of Dr. Hamilton, in the 
prefence of my learned friend, Mr. Kirwan, 
and of the late much lamented Do¢tors Wat- 
kinfon and Kerr. 

E x- 
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EXPERIMENT VII. 


The air in the room being 54, and the oil 
an R 5:.3 plus; that in L 51.3; dephlo- 
gifticated air being introduced into R, and 
air phlogifticated by iron filings and brim- 
ftone into L; and the cylinders being heated 
as before, and immerfed in the oil; the tem- 
peratures obferved by Dr. Hamilton, during 
feven minutes, were as follows: 


Centre. Surface. 
me ee y, Reove-k 
Boman. © 62.1" 52.2 
3: nearly 53.4 53.1 59-5 59-7 
5 54:4 54 59-5 59-5 
ay 54-8 54-4 = 59-5 59-5 
.7 55-1 54-7 plus 59.4 59.4 


The purity of the dephlogifticated air was 
examined at the conclufion of this experi- 
‘Ment, a part of it being drawn from the 
cylinder by means of an exhaufted glafs vef- 
fel, when it was found that one meafure of 
‘it, mixed with two of nitrous air, occupied 
‘the {pace of a little more than one meafure. 
The phlogifticated air, in the courfe of the 
experiment, was nearly changed into atmof- 
_pherical air. 
ie This 
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This experiment was repeated with the 
following refult. 


EXPERIMENT ‘VIII. 


Air in the room 54.5, 

Dephlogifticated air, nearly.as pure as that 
ufed in the foregoiug experiment, was in- 
troduced into the cylinder R, and common 
air into L, | 

The temperature of the oil in the veffel R 
was 51.3; thatin L sr.1. 

The cylinders being heated and immerfed 
in the oil, the temperatures, indicated by the 
central and fuperficial thermometers, were, 

R R L L 


Minutes. Centre. - Centre. Surface. Surface. > 


NB Saeeer O1SReme ery, 


Bugle). = tees Se 

4 53-0 53.2 58,8 58.9 p. 
bred 5375. Sh Bee 58,8. i 
G 54.3 53.8 59.7 p- 58.7 fw 
7 54:5 54.2 59.7 58.7 


In Experiment VI. the heat indicated by 
the central thermometer in the veffel R,. at 
the end of five minutes, exceeded that in the 
velfel L by ++ of a degree, — | 
In 


ver 
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‘In ExperimentsVIIth and VIIth the excefs 


was a little lefs than «% of a degree, allow- 


ance being made for the difference of tempera- 
ture indicated by the thermometers, in the 


veflels R and L, before the cylinders were 


immerfed in them. 

Thefe experiments were frequently repeat- 
ed with great care, and it was uniformly 
found, that when dephlogifticated air, which 
had the purity of 1, as indicated by Dr. 
Prieftley’s Teft, was introduced into R, and 
atmofpherical-air into L, the heat: imparted 


by the former to the oil, at the end of four 


minutes, was + of a degree greater than 
that by the latter; the variation in the refults 
of different trials being not more. than the 
as of a degree. 

I next reverfed'the experiments, with pure 


_and ‘phlogifticated ‘air, in the prefence of 


Mr. De Luc, pure air being introduced into 
the cylinder L, and. phlogifticated air into 
R. But in order that the refults might be 


‘more decifive, the accuracy. of the apparatus 
was ‘firft tried, by making the experiment 
with atmofpherical. air,-in both cylinders, 


- “when it was found that'the heats communi- 


_ - ated to the’central thermometers, did not 


vary 
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vary from each other more than the z's of a 
degree. | 

This will appear from the following ex- 
periment, in which the variations of tem- 
perature were obferved by Mr. De Luc, durs 
ing the {pace of ten minutes. 


EXPERIMEN T -EXS 


Air in the room — 54. 
The oil in the tinned veffel R Cea 
That in L — — pone 


The cylinders, containing atmofpherical © 
air, being heated as before, and immerfed in 
the oil, 


Minutes. Centre. Centre. 
ET ye R was 53.3 Lone 
4 54-5 Pp: 54+7 
5 54-9 Ps “igs 

6 Shed ops Shee en 

3 55-4 fp» 55-6 p. 
2 a5i5  P: OY 


In this experiment, therefore, the dif- 
ference. of the heats communicated to the 
central thermometers did not exceed the zs 
of a degree; allowance being made for the 
excefs of temperature in the veffel L, previ- 

7 4 oufly 
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oufly to the immerfion of the cylinders ; and 
during the greater part of the time the heats 
communicated were perfectly equal. 


EXPERIMENT XX. 


Air in the room = 88 
The oil in the veffel R — ' 56.9 
7 in L a 56.9 


- Dephlogifticated air being introduced into 
the cylinder L, and phlogifticated air into R ; 
and the cylinders being heated and immerfed 
in the oil, the temperatures, as obferved by 
Mr. De Luc, during 1o minutes, were as 
follows : 


Minute. Centre. Centre. 
I Ri 57.2-p% La peace 
= 57 */ 57:9 P- 
3 Sana P. 58.6 
4 «$8.9 59-2 
5 i ge sy 
6 59-7 59-9 
7 59-9 p. 60.1 fam 
9 6o.1 60.3 
10 60.3 60.4 p. 


It is proper to obferve, that the heats indi- 


cated by the thermometers at the furface in 


P this 
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this experiment, were nearly equal ; and the 
fame thing happened in Experiment VII. 
That 1t might be known, whether the aus 
fuffered any change by expofure to heat in 
the cylinders, their purity was examined pre- 
vioufly to the experiment, in the prefence of 
Mr. De Lue, when it appeared that one 
meafure of the dephlogifticated air,- mixed 
with two of nitrous air, occupied the {pace 
of ~, of ameafure; and two meafures of the 
phlogifticated air, mixed with one of nitrous 
air, occupied the {pace of 2.6. Being again 
examined, at the conclufion of the experi- 
ment, in the prefence of the fame philofopher, 
the purity of the dephlogifticated air was 
found to be fo much diminifhed, that one 
meafure of it, mixed with two of nitrous air, 
occupied the {pace of i‘ of a meafure; and 
-the phlogifticated air was nearly changed into 
atmofpherical, two meafures of it, with one 
ef nitrous air, occupying the {pace of 2.15. — 
It appeared from fubfequent trials, that 
theadtop cocks, which were {crewed to the 
ends of the cylinders, when expofed to heat, 
were not altogether air tight: for though 
they were made with fuch accuracy, that the 
cylinders, when cold, could be very nearly 
| m exhaufted, 
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exhaufted, yet when the latter were placed in. 
the water bath, the heat which afcended along 
the ftems, was not fo fpeedily received by the 
{toppers, as by the cavities to which they 
were adapted; and hence the latter, expand- 
ing more fpeedily than the former, the ex-. 
clufion of the external air became lefs 
- perfect. 

It appears from this experiment, that 
_ phlogifticated air has a much greater tendency. 
to mix with the air of the atmofphere than 
pure air. For the difference of alteration, in. 
thofe fpecies’s of air, did not arife from a dif- 
ference in the ftop cocks, becaufe the fame: 
effects were produced when the experiment - 
was reverfed. The truth of this obfervation. 
was moreover confirmed, by expofing pure 
and phlogifticated air to a moderate heat, in. 
- thin bladders, that had been previoufly well 
rubbed. 

In the above experiment, the heat obferved 
in the centre of the veflel L, at the end of 
four minutes, was nearly +; of a degree 
greater than that obferved in R. After the 
4th minute was expired, the difference began 
to diminifh, and in the courfe of the fix 
fucceeding minutes it nearly vanifhed, the 

| gee excefs 
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excefs of heat in L, at the end of that time, 
bemg only +'s of a degree. 

It was before cbferved, that, 1h the above 
experiments, the heats indicated by the fuper- 
ficial thermometers were nearly equal; the 
temperature of the oil, at the furface, being 
liable to be influenced by caufes which could 
not with certainty be counteracted. The 
chief of thefe feemed to be, the tendency of 
the heated particles of oi] to afcend to the fur- 
face; the facility with which thofe particles 
communicate their heat to the neighbouring 
bodies ; the agitation given to the oil by the 
immerfion of the cylinders ; the heat imparted 
by the ftems which connect the cylinders with 
the crofs bars; the influence of the external 
air; and the difficulty of adjufting the fuper- 
ficial thermometers with fuch precifion that 
they fhould indicate equal heats. But at 
the centre, the excefs of heat communi- 
cated by the dephlogitticated air, whe- 
ther it were contained in the veffel L or R, 
was very nearly invariable, as the experl- 
ment, when repeated with accuracy, never 
failed to fucceed within the ‘> of a degree; 
and when. water was ufed as a ftandard, in- 
ftcad of oil, the excels of heat imparted by 

“ethe 
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the pure air appeared not only at the furface 
and centre, but was» obferved to exift after 
the cylinders were removed, and the feveral 
parts of the water were reduced by agitation 
. to a common temperature. 

It is proper to remark, that the difference 
of the heats communicated by dephlogifticated 
air to oil and water, as indicated by the cen- 
tral thermometers in thefe experiments, was 
Jefs than might have been expected from the 
difference of the capacities of thofe fubftances. 
For the capacity of water is to that of fper- 
maceti oil nearly as 2 to 1, from which it 
might be fuppofed, that the heats imparted 
would be as one totwo. But they appear, 
in the foregoing experiments, to have been as 
2to3. We have alfo feen, that the differ- 
ence of heat at the centre, when the experi- 
ment is made in oil, vanifhes more fpeedily 
than when it is made in water. -Thefe irre- 
gularities feem principally to be occafioned by 
the difference in the conduéting powers of 
thofe fubfances with refpect to heat, and by 
the greater tendency of the particles of warm 
oil to afcend, in confequence of which the 
heat is fuddenly accumulated at the furface, 
and is fpeedily communicated to the neigh- 
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bouring bodies. It is manifeft, that the caufes 
which diminifh the differences of heat at the 
furface, will gradually produce a fimilar di- 
minution at the centre. 

When the experiment was made by intro- 
ducing the cylinders into the tinned veflels, 
which contained atmofpherical air alone, the 
effects produced by the fudden tranfmiffion of 
the heat were more evident; for, in that 
cafe, the difference of the heats communi- 
cated by pure and phlogifticated air could 
not at all be perceived at the furface, and at 
the centre it did not appear till after the ex- 
piration of many minutes; and though, at 
length, pure air evidently communicated more 
heat than phlogifticated air, yet the refults of 
the different trials were fo irregular, that no 
precife conclufions could be drawn from them, 

The foregoing experiments prove, in gene- 
ral, that pure air communicates more heat 
to an equal bulk of oil or water than atmof- 
pherical air. | 

I next endeavoured to determine the com- 
parative quantities of heat communicated 
by phlogifticated, inflammable, and fixed 
alr. 

: Irom 
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_, From the preceding experiments on pure 
and atmofpherical air, it appears, that when 
the cylinders are immerfed in oil, more mi- 
nute differences of heat are indicated by the 
central thermometers, than when they are 
immerfed in water: for this reafon, in the 
experiments which follow, oil was ufed as a 
ftandard. It is of great importance to the 
 fuccefs of the experiment, when this fluid 
*4s made the ftandard, that the heat, previ- 
oufly to the immerfion of the cylinders, fhould 
be uniformly diffufed over the oil, and fhould 
-yemain as nearly ftationary as poffible. But 
the heat of the oil cannot remain ftationary, 
if the temperature of the air in the room 
vary; and in rooms which are expofed to the 
influence of the weather, a permanent tem-~- 
perature can {carcely be obtained. For the 
purpofe of avoiding this caufe of inaccuracy, 
the apparatus was placed in a vault below 
the furface of the earth, where the alterations 
of temperature were very flow, and the dif- 
fufion of heat nearly uniform. | 
It was before obferved, that as the ftop- 
cocks, which were fixed to the ftems of the 
cylinders, were unequally heated, they did 
not fufficiently interrupt the communication 
| ye: | between — 
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between the external air and that in the cylin- 
ders ; in confequence of which the air was 
found to undergo a confiderable change in 
the courft of the experiment. ‘This difficulty 
was obviated in the following manner: as 
foon as the air was introduced into the cylin- 
der, the ftop-cock was unfcrewed from the 
extremity of the {tem, and the cavity of the 
Jatter was accurately clofed by a cork, after 
which the cock was again fixed toit. In 
confequence of this, when the apparatus was 
heated, the cork, by its elafticity, adapted 
itfelf to the increafed capacity of the ftem; 
and thus the interruption of the communi- 
cation between the airin the cylinder and the 
external air, being rendered nearly complete, 
the former was found to fuffer very little 
change from expofure to heat. | 
With thefe precautions I endeavoured to 
determine the capacity of phlogifticated air, 
the apparatus having been previoufly fo ade 
jufted, that when atmofpherical air was con- 
tained in both cylinders, the heats indicated 
by the central thermometers were very nearly — 
equal, as appears from the experiment which 


follows. 
ty 
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EPxPERIMENT. XE 


Air in the vault aie 


60.7 


One pound, three ounces and two drams 
- of fpermaceti oil being introduced into each 
of the tinned veflels, the temperature in the 
vefiel R, was 59.9; that in L, 60 plus. 
The cylinders, containing atmofpherical 
air, were heated in an adjoining vault by 
means of the water bath, and were fuddenly 
immerfed in the oil, upon which the central 
heats being accurately marked during the 


fpace of 10 minutes, 
Minutes. 

In 2 R was 60.2 
60.9 
Gi. 5 


62.3 plus. 


62.8 
62.9 
63. plus. 
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I 
_ Air in the vault 61.7. 


62. minus: 


62.6 minus. 


1.60.2 


61. 

61.5 plus. 
62.1 minus. 
62.4 plus. 


63.1 plus. 
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EXPERIMENT XII. 


Air in the vault eos 62.6 
Oil in the tinned vefflel R — 62.1 
In the veffel L — 62.2 


Air phlogifticated by hepar fulphuris was 
introduced into the cylinder R, and atmof- 
pherical air into L. The cavities of the 
{tems of the cylinders were accurately clofed 
by corks in the manner defcribed above; the 
cylinders were then heated as before, and 
immerfed in the oil; and the central heats 
being obferved during fix minutes, 

Minute. 
diggs 2 R was 62,2 L 62.3 
Zen 62.5 Nya Gan, 
63,1: p. 63.3 
63.7 p- 63.9 p. 
US 64.3 p. 
64.5 64.6 

Air in the vault at the conclufion of the 
experiment 63.3. 

This experiment was repeated with the © 
following refult. : 
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Air in the vault — 63.) 
Oil in the veffel R — 62:3 mm. 
ein 'L — — 62.3 m. 


The cylinders, containing phlogifticated 
and atmofpherical air as before, were heated 
and immerfed in the oil, and the central heats 
_ being obferved during eight minutes, 


| R L 
In 1 Minute 62.4 62.4 
2 Ol} # 62.749, 
63-4 03-5 


G4. ip, 64.1 
64:5. m1. 64.5 
64.8 p. 64.9 
65.1 O58? P. 
65-3 p- 65.3 
Two meafures of the phlogifticated air, 
ufed in thefe experiments, having been mix- 
ed, previoufly to its introduction into the 
cylinder, with one of nitrous air, the mea- 
- fures of the teft were 2.9. After the experi- 
ments were finifhed, a part of it was drawn 
_ from the cylinder, and being again examined 
by nitrous air, the meafures of the teft were 
~ | found 
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found to-be 2.8, very nearly. From which 
it appears, that very little alteration had been 
produced in it by expofure to heat in thofe 
experiments. 

An interval of feveral days had elapfed be- 
tween each of the experiments now recited. 
They were made in the month of July 1783, 
when the heat of the fun was gradually in- 
creafing, and at length became very intenfe. 
This accounts for the alteration in the tem- 
perature of the vault. It was found, in the 
courfe of eleven days, to fuffer a change of 
3 degrees. 

From thefe experiments, compared with 
many others of a fimilar kind, which it is 
unneceflary to relate, 1t appears, that the 
difference of the central heats, imparted to 
the ott by atmofpherical and phlogifticated 
air, was nearly +’5 of a degree. 

Inflammable and fixed air were next exa- 
mined, with great care, by the fame appara- _ 
tus. From the refults of a variety of trials, 
compared with each other, it manifeftly ap- 
peared, that the central heat communicated to 
the oil, by fixed air, was a little lefs than 
that communicated by atmofpherical air, the 
difference being not fo great as +> of a de- 

gree ; 
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gree; and, onthecontrary, when inflamma- 
ble and atmofpherical air were compared, the 
central heat imparted by the former was a 
little greater than that by the latter, the dif- 
ference being, in this inftance, alfo, lefs than 
the +> of a degree. 

It may perhaps be doubted, whether fuch 
minute differences may not be liable to much 
uncertainty. With refpect to this I would 
obferve, that the 7 of a degree on the fcale 
of the thermometers, ufed in my experi- 
ments, is nearly as diftinét as an intire de- 
_ gree of the thermometers that are commonly 
made with Farhenheit’s fcale. And as each 
divifion can be nearly biffected by the eye, 
the <s of a degree may be diftinguifhed with 
confiderable precifion. For this reafon, I 
have ventured to lay the refults of the fore- 
going experiments with inflammable, fixed, 
and atmofpherical air, before the reader. 
From numerous trials, made with the utmoft 
care, and varioufly diverfified, the above- 
mentioned differences appeared to exift. 
| There 1s, however, decifive evidence for be- 
lieving, that the real differences do not. ex- 
» ceed thofe which have been determined by 
thefe experiments, becaufe the refults of the 
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feveral trials correfponded within the +s of a 
degree. : 

If, however, we fhould fuppofe, that the 
heats imparted by equal bulks of thefe three 
f{pecies of air were perfectly equal, it would 
not affect the doctrine contained in the fol- 
lowing pages. | 

In the experiments recited above I have 
endeavoured to determine the differences of 
the heats imparted to water by fixed, phlo- 
gifticated, inflammable, atmofpherical and 
dephlogifiicated air. That the entzre heats 
communicated by thefe fluids might be 
known, it was neceflary to difcover the quan- 
tity which was yielded by the cylinders em- 
ployed for the purpofe of immerfing them in 
the water. This was determined by the ex- 
periments which follow. 


HocPe RIM ENT? XLYV® 


Air in the room —— 60.5 
Water in the tinned veflel R 60. mM. 
Ina. i mews 60. wi: 


The brafs cylinders, containing atmofphe- 
rical air, being heated as before, and im- 
merfed in the tinned veflels, were fuffered to 

remain — 
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remain during the fpace of eight minutes ; 
after which, being removed, and the water 
in both veflels being equally agitated, the 
temperature in R_ was found to. be-b2.2; 
that in L 62.2 m. : 

It appears, therefore, that when atmof- 
pherical air was in both cylinders, the heats 
imparted were nearly equal, the difference 
being not greater than the 2. of a degree. 

The quantity of water contained in each 
of the veffels was 20 ounces Troy. 

In order to difcover the quantity of heat, 
communicated by the air in this experiment, 
the water was fuffered to enter into one of the 
cylinders in the following manner: the bot- 
tom of the cylinder R being opened, the 
{pherical plate which clofed it was introduced 
laterally, in fuch a manner, that the femi- 
eircle, dividing its furface into two equal 
parts, fhould come into contact with the 
half of the circular extremity of the cylinder, 
to which it was faftened by folder. Hence 
the remaining half of the bottom being open, 
the water, when the cylinder was immerfed 
in it, was fuffered to enter freely, and the 
air at the fame time was permitted to efcape 
~ by the cock which was faftened to the upper 
| extremity 
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extremity of the ftem. In order that the 
cylinder, when its bottom was opened, might 
be compleatly furrounded by the water in the 
tinned veflel, it was neceflary that the quan- 
tity of this fluid fhould be twice as great as 
that which was required to cover it when the | 
bottom was clofed, the water in the former 
cafe. being permitted to enter into the cylin-_ 
der, and in the latter being excluded. For 
this reafon, in the following experiment, 40 
ounces Troy of water were introduced into 
the tinned vefiel R, and 20 ounces into L. 


ExPERIMENT XV. 


Air in the room — 62. 
The temperature of the wa- 
ter in the veffel R, was 61.7 plus. 

That in L — 61.8 

The cylinders L and R, the latter being 
open above and below, and the former con- 
taining atmofpherical air, were heated as in 
the foregoing experiment, and immerfed in 
the water, where they were fuffered to re- 
main for eight minutes; being then removed, 
and the water in both veflels being equally 

| agitated, 
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- figitated; the general temperature in R was 
_ found to be 62.7 p; that in L 64. 

In this experiment the heat imparted by 

the cylinder R was one degree; that by L: 

2.2, the quantity of water in the veflel R be- 
ing 40 ounces, and that in L 20, If the 
quantity of water in the veflel R had been 

only 20 ounces; the heat communicated by 

the cylinder alone would have been nearly 
two degrees and the heat imparted to the 
water in the veflel L, by the cylinder filled 
| with atmo{pherical air being 2.2, the differ- 

ence gives nearly + vs Of a degree for the. heat 
yielded by the air *: 

In the above experiment the utmoft atten 
tion was given to avoid the caules of fallacy, 
by which I had been deceived in the experi-~ 
ments on the capacities of the aerial fluids; 
recited in my-former publication. 

‘- It muft be obferved, that thofe experiments 
_ were made under very unfavourable circum-~ 
_ ftances. They were my firft attempts to- 

wards the difcovery of truth in an obfcure 

_ and intricate part of {fcience, where the fources 


a * The reader will fee the heat imparted by atmofpheri- 
eal air more accurately ftated in page 2.34. 
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of error were numerous, and the means of 
avoiding them had not been afcertained, 
Differences, which arofe from the condenfa- 
tion of greater or lefs quantities of moifture 
in the bladders that were employed in my 
experiments, I attributed to the different 
powers of the aerial fluids for communicating. 
heat. My firft experiment with atmofpheri-. 
cal air was made with a frefh bladder, which 
is more difpofed to attract moifture, and is 
dried with greater difficulty, than thofe which 
have been previoufly freed from their im- 
purities by wafhing. ‘Fhis experiment was 
again repeated, after a confiderable interval of 
time had elapfed, and the fame bladder which 
had been accidentally purified from its falts.- 
and mucilage, by being kept for a eonfider- 
able time under water, in the previous ex- 
periments, was again dried, and was ufed for 
the purpofe of determining the heat impart- 
ed by fixed air. The thermometers which I 
employed were not fufficiently fenfible, nor” 
were their fcales of fuch a fize as to indicate 
minute variations of heat; and the immerfion 
of the bladder and thermometer in the water 
being regulated by the hand, their relative 
7  'pofitions 
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pofitions could not be adjufted with the ace 
curacy which fuch delicate experiments re« 
Baiced, , , 

The heat 1 impat ted by the bladder was exa- 
mined by rolling it with packthread, raifing 
it to the defired temperature, and immerfing 
it in water a little below the heat of the air 
in the room. I was not then aware, that, 
in thefe circumftances, afmall portion of the 
furface of the bladder being in contaét with 
the water, it communicates its heat more 
flowly than when it is diftended with air. 

The dephlogifticated air employed in the 
experiment, recited in: my former publica- 
tion, was obtained from red lead moiftened 
with yellow fpirit of nitre, which was ex- 
pofed to heat in a Florentine flaik, having a 
flaccid bladder, that was previoufly freed from 
air, tied to its neck. As it was my firft at- 
tempt to procure dephlogifticated air, I had 
not obferved that, in thefé circumf{tances, 
this fluid muft be mixed with a confiderable 
» quantity of aqueous and nitrous vapour. I, 
4 therefore, did not deem it neceflary, previ- 
oufly to the experiment, to pafs the air 
through water, and transfer it into a dif- 
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ferent bladder; in confequence of which, 
when I attempted to determine its abfolute 
heat, I was led into an error of nearly two 
degrees and a haif. 

Having determined the entire quantity of 
heat, yielded by atmofpherical air, I next 
endeavoured to difcover the heat which was 
loft by the cylinders, when they were raifed 
from the bath, for the purpofe of immerfing 
them inthe water. It was formerly obferved, 
that in making the experiments recited above, 
the water bath, with the cylinders contained 
in it, was placed near to the bottom of the 
table on which the upright bar and tinned 
vellels were fixed; and that the cylinders, 
being raifed from the bath, were directed into 
the vefiel by means of the bar and focket. 
During this operation they were made un- 
avoidably to pafs through a portion of cold 
air, and from the flightnefs of the cylinders, 
and the facility with which they tranfmitted 
heat, it 1s manifeft, that the quantity im- 
parted to the air muft have been confiderable. 
‘The heat which was thus loft was eftimated 
by the experiment which follows: 
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EXPERIMEN T AVI, 


Air in the room -— 63.2 
Twenty ounces Troy of water 
was introduced into the tin- 
ned veffel L at ~— (61.9. 

The cylinder L, containing atmofpherical 
air, was expofed, as in former fimilar ex- 
periments, to a boiling heat in the water 
bath for 10 minutes. | 

The bath and cylinders were then placed 
on the fame table with the tinned veffel L, in 
which the cold water was contained, a deal 
board being interpofed between them to pre- 
vent the pafiage of the heat from the bath to 
the veflel, upon which the cylinder was in- 
ftantly introduced into the vetlel, and the 
bath removed: the cylinder being fuffered to 
remain in this fituation, during fix minutes, 
it was then raifed from the veffel; the water 
was flightly agitated, and the general tem- 
perature at the end of g 


7 minutes was — 64.5 mm. 
8 eit ioe 04.5 Mm. 
9 — an 64.5 7. 
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The air in the room at the 

conclufion of the experi- 
ment was — 62. 2 

Fience the heat communicated to the wa- 
ter was 2.5 degrees. 

In this experiment the cylinder, previoufly 
to its immerfion in the water, came into 
contact with a very fmail quantity of cold 
air, and was made to pafs through it with as 
much velocity as poffible. Though thefe 
precautions were ufed to diminifh the efcape 
of heat from the cylinder, during its paflage 
through the air, yet it was impofflible entirely 
to prevent it. If we fuppofe that in the laft 
experiment a quantity of heat efcaped, which 
would have raifed the water +> of a degree, 
we fhall have 2.6 degrees for the whole of the 
heat communicated by the cylinder, and the 
-air which it contained. 

In Experiments XIV. and XV. the heat 
communicated to the water by the cylinder 
L; was only 2.2 degrees. In thofe experi- 
ments, therefore, the cylinder muft have loft 
nearly | « of its heat serue its paHlage through 
the air. 

In Experiment XV. “the cylinder R, hav- 
“ing remained in the water bath for 10 mi- 


nutes, 
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nutes, was raifed to the temperature of 200, 
as appeared from the thermometer introduced 
Bimto its centre. * sae 
The heat of the water in the tinned veflel, 
previoufly to the immerfion of the cylinder, 
was 61.7. Hence the difference between the 
temperature of the water and cylinder was 
138.3; of this quantity nearly ¢ was carried 
off by. the external air. The remainder, -or 
‘r15, plus 61.7, gives the true temperature 
of the cylinder previoufly to its immerfion in 
the water. The temperature of the water, 
at the end of eight minutes, when the cylin- 
der was removed from it, was 62.7 nearly. 
The cylinder was therefore cooled by the 
water 114 degrees, and the water heated by 
the cylinder one degree. | 

The weight of the water in the tinned vef- 
fel was 40 ounces Troy, and the capacity of 
the veflel for receiving heat was equal to that 
of one ounce of water plus, .23 of an ounce, 
The water and vefiel were, therefore, equal 
in capacity to 41.23 ounces of water. 

The heat, feparated from the cylinder, 
was 114.26 degrees; and that received by the 
water was one degree, confequently the capa- 
city of the water and veflel, or of ALiag 
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ounces of water, was to that of the cylinder. 
as114.26 to 1. If the quantity of water 
had been 114.25 ounces, the capacity of the 
cylinder would have been equal to that of 
one ounce of water; but the quantity of 
water was only 41.23 ounces. The capacity, 
of the cylinder muft, therefore, have been 
lefs than that of an ounce of water in the 
proportion of 41.23 to 114.25. That 1s, 
the capacity of the cylinder was equal to that 
of .3608 of an ounce of water. 

Hence we may determine the heat, that 
would have been communicated by the cylin- 
der, in the experiment in queftion, if the 
tinned vefiel R had contained only 20 ounces 
of water, which was the quantity contained 
in the vefiel L. For, according to Rich- 
man’s rule, when two unequal quantities of 
water are mixed together at different tempera- 
tures, if the products of the maffes, multi- 
plied into the feparate heats, be added to- 
gether; and if this quantity be divided by 
the fur of the mafies, the quotient will give 
the temperature of the mixture. That is, 
calling the maffes M and m, and the {eparate 
heats C and ¢; the temperature of the mix- 
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it was proved, that the heat feparated by 


the water from the cylinder R, in Experi- 


‘ment XV. was 114.25 degrees; and the heat 


of the water at the end of the 8th minute was 
62.7 p. Adding this to 114.25, we have 
176.95 for the temperature of the cylinder, 


-at the moment of its immerfion in the water. 


If we conceive the quantity of the water to 


- be 20 ounces, and the vefiel to be equal to 


one ounce plus .23 of an ounce of water, the 
vellel and water will be equal to 21.23 
ounces. ‘Fhe temperature of the water was 
61.7; and the cylinder was equal to .3608 

of an ounce of water. | | 
We have, therefore, according to Rich- 
21.23 + 61.7 x .3608 + 176.95 


Cas le, 


21.23 + .3608, 

equal to 63.626 for the temperature of the 
mixture; and the heat of the water, previ- 
oufly to the immerfion of the cylinder, being 
61.7, the difference gives 1.926 for the heat 
which would have been communicated by the 
cylinder, if the quantity of water in the vef- 
fel R, had been equal to that in L: that is, 
if it had been 20 ounces. | | 

The heat imparted to the water in the vef- 
fel L_ was 2.2 degrees, “Of this quantity of 
ee ae) 


234 EXPERIMENTS AND OBsERVATIONS 


heat, it appears, that 1.926 was yielded by 
the cylinder; from which it follows; that the 
heat imparted by the air was .274. It is 
proper to obferve, that there was an error 
of +s of a degree in this experiment; for 
when it was compared with others of a fimi- 
lar kind, the mean refult gave .23 of a de- 
gree for the heat communicated by atmof- 
pherical air. | 

To difcover from thefe experiments the re- 
lation, which the abfolute heat of atmofpheri- 
cal air bears to that of water, we may confi- 
der what would have been the effeCt pro- 
duced if this fpecies of air had contained the 
fame abfolute heat with water. In that cafe, 
if the air were only the one hundredth part 
as denfe as water, and were raifed 100 de- 
grees above the temperature of the water, it 
would communicate to it nearly one degree 
_ of heat. If it were only the one eight 
hundredth part as denfe, and were raifed 100 
degrees above the heat of the water, it would 
communicate to it nearly the eighth pe of a 
degree. 

Now the denfity of atmofpherical air 1s to 
that of water in a proportion fomewhat lefs 
than that of 1 to 800; and, in the foregoing 
ON wks _ experi- 
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‘experiments, the excefs of the temperature of 
the air above that of the water was 114.5 de- 
grees. If, therefore, in the experiment in 
queftion, the atmofpherical air had contained 
the fame abfolute heat with water, it would 
have communicated to the water nearly the 
eighth part of a degree ; but it communicated 
a little more than the fifth of a degree. At- 
mnofpherical air muft, therefore, contain a 
greater quantity of abfolute heat than water. 
Dr. Irvine has pointed out a general rule, 
“by which the comparative quantities of heat 
in bodies may be eftimated, when the quan- 
‘tities of matter, and the changes produced in 
the temperatures are unequal. In that cafe 
the comparative quantities of heat are reci- 
_procally as the changes in the temperatures 
multiplied § into the quantities of matter. By 
the help of this rule, the ratio of the heat of 
_atmofpherical air, to that of water, may be 
more accurately calculated in the following 
manner. 
Ibis evident, that as equal bulks of air 
“and water were taken, if the denfities of the 
-water and air had been equal, the abfolute 
“heat of the air would have been to that of the 
“water as 1 to 497: 5, which is the reciprocal 
j proportion 
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proportion of the ici c produced in. the: 
temperatures. 

Again, if the changes produced in the 
temperatures had been equal, the quantities’ 
of abfolute heat would have been reciprocally: 
as the quantities of matter. It follows, that 
neither being equal, the quantities of abfolute 
heat are in the compound ratio of the fenfible 
heat gained by the water to that feparated 
from the air, and of the quantity of water 
to that of air. 

It was before fhown that the veffel and 
water were equal to 21.23 ounces of water; 
and the {pecific gravity of water being to that _ 
of atmofpherical air in the proportion of 830. 
to 1: it follows, that the quantity of matter: 
contained in 21.23 ounces of water, is to that 
contained in 20 ounce meafures of air, as* 
881 to I. | 

In Experiment XV. the temperature of the: 
water in the veffel L, previoufly to the im- 
merfion of the cylinders, was 61.8; the heat 
of the cylinder, with the air contained in it 9 
was 200; the difference was 138.2; and be-» 
ing allowed for the heat imparted to the ex- 
ternal air, we have 115 nearly for the excefs 
of the heat of the air in the cylinder, above 

that 


5 
3 
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that of the water. The true heat of the 
cylinder, therefore, previoufly to immerfion, 


was 176.8; the temperature of the water at 
the end of the experiment was 64. The air 
was confequently cooled by the water 112.8, 
and it was before fhown that the water was 
heated by the air .23 of a degree. . Hence 


the comparative heat of atmofpherical air is 


_to that of water in the compound ratio of 
Boot tor, and.of .23 to 112.8. 


From which it appears, that the quantity 


of heat contained in the former of. thefe 
selements, is to that contained in the latter, 
Pas 202.63 to 112.8, or as 1.79 to 1. 


The comparative heat of pure air may be 
calculated as follows: It was before proved, 


that the two aerial fluids, pure and phiogif- 
~ticated air, mixed in certain proportions, 
_compofe the air of the atmofphere ; and that 
_ of the atmofpherical air, it is the purer part 
alone which is diminifhed by phlogittic pro- 
_ceffes. Hence the quantity of pure air, con- 
_ tained in common air, may be difcovered by 
_ obferving the diminution which thefe pro- 


_ ceffes produce. 


over water, in fuch proportions as to effect a 


bE 
ae 
BY = 


When nitrous and common air are mixed 


com pleat 


"iad 

238 EXPERIMENTS AND OBSERVATIONS 
compleat faturation, and the mixture is fufs 
fered to remain for a fufficient length of time; 
the whole of the nitrous air, and + of the 
common air, difappear. When commoniair 
is expofed to a mixture of iron filings and 
brimftone, the mean diminution, as deter- 
mined by the experiments of Dr. Prieftley and 
Mr. Scheele, is 27 parts of an 100.’ In the 
former inftance it is probable, that a {mall 
portion of the pure air is protected by the 
phlogifticated from the action of the nitrous 
air, as has been remarked by Mr. Kirwan; 
and.in the latter cafe it is likely that the whole 
of the pure air is feparated by the iron filings 
and brimftone, and that a part of the phlo- 
gifticated air alfo difappears, as it is well 
known that a {mall quantity of this fluid is 
capable of being abforbed by water. If, 
therefore, we take the mean refult of the ex- 
periments with nitrous air, and with iron 
filings and brimftone, we fhall have nearly 
25 parts of an roo for the true diminution. 
From which it appears, that nearly of the 
air of the atmofphere confifts of dephlogifti+. 
cated air. “28 
In Experiment II. p. rgo, the purity of the 
_ dephlogifticated air was fuch, that one mea= 
{ure 
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fure of it, mixed with two of nitrous air, 


occupied the-fpace of one meafure. From 


Dr. Prieftley’s experiments .1t appears, that 


‘two parts of nitrous air faturate very nearly 


one of dephlogifticated air; becaufe when 
they were mixed in this proportion, the 


- dephlogifticated air being very pure, not more 


than +3. of a meafure remained. See Prie(t- 


_ ley’s Obfervations and Experiments on Air, 


es oe ek hk ee Ls _ tS eS | Me ~ 
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vol. 4. feét. 25. When, therefore, one mea- 


fure of dephlogifticated air, mixed with two 
of nitrous, occupy the fpace of one meafure, 


it follows, that the dephlogifticated air muft 
have contained two thirds of its bulk of pure 


air. For the quantity of air that difappears is 


two meafures. Of thefe, one part muit have 
been pure air, and two parts nitrous. The 


- quantity of pure air, therefore, contained in 


the dephlogifticated air, muft have been one 
third of two meafures, or two thirds of one 
meature ; and as the whole of the dephlogif- 


ticated air, originally fubjected to the exami- 


nation, was one meafure, it 1s evident that it 
mutt have contained two thirds of its bulk 


_of pure air. The part which remained un- 
_ diminifhed by nitrous air, and unabforbed by 
_ water, was phlogifticated air. It is proper 


to 


‘ x if am * é 5 ? 
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to obferve, that the air had been placed; 
previoufly to its examination, a confiderable 


mixture of fixed air. | 

Thus it appears, that the dephlogifticated 
air; which was introduced into the cylinder L, 
in Experiment II. p.1g0, contained two thirds 
of its bulk of pure air, and one third of 
phlogifticated air; but the common air, in 
the oppofite cylinder R; contained three 
fourths of its bulk of phlogifticated air, and 
one fourth of pure air. In that Experiment 
we may conceive the phlogifticated air in L; 


‘4 


time over water, to free it from the ad= ? 


amounting in volume to one third of the — 


whole, to be balanced by an equal quantity 


of the fame fpecies of air in R. We may < 
alfo conceive a portion of the pure air in L; — 
to be balanced by a quantity of that fluid in © 


R, amounting to one fourth ef the whole; 
and the cylinders, being equal in weight and 
capacity, precifely balanced each other. 


The entire quantity of pure airin L was . 


2 of the whole, the quantity in R was :, 
The excefs of the pure air in L, above that 
in R, was confequently .41, and_ the excefs 


of the phlogifticated air in R, above that 1a 


L, was alfo .41. The experiment in quef-_ 


tion, 
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tion, therefore; gives us the difference be- 
tween the heat imparted by, .41 parts of pure 
air, and that imparted by an equal bulk of 
phlogifticated air. This difference was 7 of 
a degree. Hence we may difcover the quan- 
tities of heat, which would have been com<- 
municated to the water, if the cylinder R 
had been filled with phlogifticated air, and L 
with air perfectly pure. For let the heats, 
which would have been yielded by pure and 
phlogifticated air, be called ~ and y, 


Eats Rot I 
Then xe Sep = 
100 100 
TOO . 
wi zs 2 
100 
! 4100 % — AIOO y = 2006 
Therefore x— y = .487. 


But it was fhown that the entire quantity 
of heat imparted to the water by the com- 
mon air, in the cylinder R, was .23; and 
this fpecies of air contains 1 of its bulk of 
pure air. | 


Mmhereiore. e+ Lp =. 12g 
x +-sy = 1g 

A ie. apse feet 68 

and MSS yl TET 
12K 12 y = §.844 

pil 4k 22 -y me 73.68 


R there- 
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therefore Gwe =e o2524 
and x = 595 
but xo y = 487 
therefore Wy i hos 


Whence it appears that the entire quantity 
of heat, which would have been yielded by 
pure dephlogifticated air, in the experiment 
in queftion, is .595; and that the quantity 
which would have been imparted by air 
compleatly phlogifticated, is .108. | 

It was before obferved, that as the tem- 
perature of the air in the room, in Experi-— 
ments II. and III. was gradually encreafed in 
proportion to the heat received by the water 
in the tinned veflels, the error arifing from 
the irregularity of cooling was in a great 
meafure avoided. But as the quantities of 
heat received by the water were unequal, it 
was impoflible entirely to obviate this fource 
of fallacy: for the air having nearly the fame 
degree of heat with the water in the veffel 
which had the higher temperature, 1t is mani- 
feft, that the water in that which had the 
lower, would neceflarily, in the courfe of 
the experiment, receive a {mall portion of 
heat from the furrounding air. If we fup- 
pofe that, by this caufe, the difference of 

: heat 
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heat in the veflels was diminifhed the +3. part 
of a degree, we fhall have very nearly .6 for 
the heat which would have been imparted by 
pure dephlogifticated air. | 

In Experitnent II. the difference between 
the heats imparted by the dephlogifticated 
and: common air, was alittle more than .2 
of adegree. In Experiment III. it was pre- 
cifely .2. In that Experiment the heat of the 
water, in the tinned veflels, previoufly to the 
immerfion of the cylinders, was 59.5. The 
cylinders were raifed to 200, which was 140.5 
degrees higher than the temperature of the 
water. The water was raifed by the cylinder 


R, containing atmofpherical air, a little more 


than one degree. - 
Comparing the refult of this Experiment 
with that of Experiment XVI. it appears that 
the cylinder muft have loft, during its paf- 
fage through the air, nearly } of the heat 
which it had received from the boiling wa- 
ter; but the heat which it received was 140. 
The lofs was, therefore, 28.1: fubtracting 
this from 140, and adding the remainder to 
the heat of the water in the tinned veflel, we 
have 171.9 for the true temperature of the 
cylinders at the moment of their immerfion. 
2 The 
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The general temperature of the water in the 
veffel L, at the end of the experiment, was 
61.7 p. The cylinder was therefore cooled 
by the water 110.2; and it has been proved, 
that if the cylinder had contained pure deph- 
logifticated air, the heat imparted by this 
fluid to the water would have been .6 of a 
degree. 

The fpecific gravity of pure air is to that 
of common air, by Dr. Prieftley’s Expert- 
ments, as 187 to 185. The fpecific gravity 
of the latter is to that of water as 1 to 830; 
confequently the fpecific gravity of pure air is 
to that of water as 1 to 821. The quantity 
of air was 20 ounce meafures. The water 
and vefiel were equal to 21.23 ounces of wa- 
ter. Hence the quantity of air was to that 
of water as 1 to 872.49. The comparative 
heat of water 1s, therefore, to that of pure 
air, in the compound ratio, of 110.2 to .6, 
and of 1 to $72.4, or as 1 to 4.749. 

The comparative heat of phlogifticated air 
is calculated as follows: It has been already 
fhown that the heat, which would have been 
imparted to the water, in the Id and JIId 
Experiments, by air compleatly phlogifti- 
cated, 1s .108. | 


4, 


From 
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From the Experiments of Abbe Fontana 
it appears, that the fpecific gravity of phlo- 
gifticated air is to that of common air as 377 
to 385. The fpecific gravity of the latter is 
to that of water as 1 to 830; therefore the 
{pecific gravity of phlogifticated air is to that 
of water as 3 to 847. The quantity of 
phlogifticated air was 20 ounce meafures. 
The water and vefiel were equal to 21.23 
ounces of water. Hence the quantity of air 
was to that of water as 1 to 899. 

The air in the cylinder R was cooled by 
the water, in Experiment III. 120.4; and 
it was proved that the water would have been 


heated by the air, if it had confifted wholly 


of phlogifticated air, .108 ; confequently the 
comparative heat of water is to that of phlo- 
gifticated air, in the compound ratio of 110.4 
to .108, andof 1 to 899, or as 110.4 to 87, 
nearly; that 1s as 1.26 to 1. 

The following is the calculation of the 
comparative heat of fixed air: It was fhown, 
that in the experiments with the apparatus 
defcribed above, which may be called an 
aerometer, the difference of the central heats, 
imparted by pure and common air to oil, was 
to the difference of the heats imparted by thefe 

R3 fluids 
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fluids to water, as 3 to 2. Hence we may 
conclude, that fimilar effects would be pro- 
duced if the experiments were made with 
common and fixed air, in oil and in water ; 
that.is, the difference in oil would be one 
third greater than in water; but the mean 
refult of my experiments, with fixed and 
common air in oil, gave a difference of .05 
in favour of common air. The difference in 
water would therefore be .o24. The fpecific 
gravity of fixed air was found, by the Hon. 
Mr. Cavendifh, to be to that of common air - 
as 1.57 to 1. Hence its fpecific gravity is to 
that of water as 1 to 553. The quantity of 
fixed air was 20 ounce meafures; the water 
and veflel were equal to 21.23 ounces of wa- 
ter; the quantity of water was, therefore, to 
that of fixed air, as 587 to1. From the 
foregoing experiments with the acrometer, it 
appears that the heat imparted, by common 
air, to an equal bulk of water, 1s .23; and 
we have feen that the heat communicated by 
that fluid is .034 parts of a degree greater 
than by fixed air. Hence the heat communi- 
cated to water by fixed air 1s .23—.034, or 
.196; and the heat feparated from the air by 
the water being 110, it follows that the com- 


3 =. 9 parative 
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parative heat of fixed air is to that of water, 
_ in the compound ratio, of .196 to 110,. and 
of 587 to I, or as 115 to JI0. ; 

The comparative heat of inflammable air, 
as deduced from the foregoing experiments, | 
aay be calculated in the following manner. 
The fpecific gravity of pure inflammable 
air was found, by Mr. Cavendifh, to be to 
that of common air, as 1 to 22. 

The inflammable air, which was employed 
in the experiments to determine the compara- 
tive heat of this fluid, .was procured from iron 
filings diffolved in the vitriolic acid. It was 
obtained by a rapid effervefcence, and was 
freed from the vitriolic acid air, with which 
it is commonly contaminated, by making it 
to pafs through water. It was therefore 
nearly pure; but as the brafs cylinder, into 
which it was introduced, was exhaufted by 
‘an air pump, and as the air, previoufly to 
its introduction into the cylinder, was forced 
into a bladder by the fyringe formerly de- 
{eribed, it was unavoidably, during this pro- 
-eefs, mixed with a portion of common air. 
‘Allowance being made for the error arifing 
from this caufe, the {pecific gravity of the 
anflammable air ufed in the above-mentioned 
| R4 experi- 
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experiments may be fuppofed to be to that of 
common air very nearly in the proportion of 
1to10. But the {pecific gravity of common 
air is to that of water as1 to 830. Hence the 
fpecific gravity of water was to that of the 
inflammable air in queftion, as 8300 to I. 
The quantity of inflammable air was 20 
ounce meafures Troy; the water and veflel 
were equal to 21.23 ounces of water. If the 
volumes of the air and water had been equal, 
the quantities of matter would have been in 
the ratio of 1 to 8300. But the volume of 
the water (the veflel being conceived to be 
equivalent to 1.23 ounces of this fluid) was 
to that of the air as 21.22 to 20. Hence the 
quantity of matter in the water was to that 
in the air as 88i0 to 1. 
_ The heat, imparted to water by inflam- _ 
mable air, is a little greater than that im- 
parted by common air in fimilar circum- 
ftances, as I have found by repeated trials. 
But as the difference 1s very fmall, we thall 
probably approach near to the truth, if we 
fuppofe that the heats imparted by thefe fluids 
are equal. The heat therefore which inflam- 
mable air communicates to water, in experi- 


ments 
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ments fimilar to thofe recited above, will 
be) .2:3- 


Hence the comparative heat of the inflam- 


mable air, which was ufed in the above- 


mentioned trials, is to that of water in the 


compound ratio of 8810 to 1, and of .23 to 


His.29/ or as 1759, torr, 
Admitting that the lighteft inflammable air 


communicates as much heat to water, as an 


equal bulk of common air, in fimilar circum- 
ftances, its comparative heat may be calcu- 
lated as follows. ‘The fpecific gravity of this 
fluid is to that of water as 1 to 9960. The 
quantity of the water employed in the experi- 
ment, the vefiel being reduced to its value ih 
water, was, therefore, to that of the air, as 
10567 to 1. The comparative heat of the 


jighteft inflammable air is confequently to 


that of water in the compound ratio of 
gos67-to ty ahd of .23 to.493.2, oras 21.4 
FONT. - | 

In the deductions from the foregoing ex- 
periments, it is taken for granted that the 
capacities of the airs are permanent, in the 


intermediate temperatures between the freez- 
_ ing and boiling points of water. But it was 
before obferyed, that thefe fluids probably 


fufter 
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fuffer a {mall alteration of capacity, in con- 
fequence of their rarefaction or condenfation 
by expofure to heat or cold. It 1s, however, 
manifeft that no change of capacity could 
have arifen from this caufe in the experi- 
ments in queftion; becaufe the airs were 
prevented from expanding, by the brafs. 

cylinders, in which they were included. It — 
eems indeed evident, from the following 
facts and obfervations, that fuppofing the airs 
in thofe experiments to have been permitted 
freely to expand, the alteration in their capa- 
cities would have been inconfiderable. 

It is well known that cold is produced 
when air is rarified in the receiver of an air 
pump, and heat when it is condenfed. I 
have made many experiments to determine 
the quantities of heat and cold which are 
caufed by the condenfation and rarefaction of 
air; but I have not as yet been enabled to 
afcertain this point with a fufficient degree 
of precifion. Ihave found, in general, that 
when one atmofphere was flowly introduced 
into the exhaufted receiver of an air pump, 
a very fenfible thermometer fufpended in the 
receiver rofe nearly 6.5 degrees. If, the air 
was fuddenly introduced, the increafe of 

tem- 
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femperature was not more than 5.5; and it 
appeared that there was a certain limit in the 
velocity of introdu€tion, which produced the 
greateft poffible augmentation of temperature. 

I alfo found, that the cold produced by 
exhaufting the receiver, was nearly 5 degrees, 
and that during this operation the thermo- 
meter ceafed to fail before the air was com- 
pleatly exhaufted, being obferved fenfibly to 
afcend when the gage was at 27. 

‘In thefe experiments I endeavoured to 
obviate the effects of moifture, by placing 
the receiver upon a leather which had its 
pores filled with tallow. Notwithftanding 
this precaution, however, a fenfible precipi- 
tation of vapour was perceived in the ex- 
haufted receiver.. But the error arifing from 
that caufe was avoided by repeating the ex- 
periments with an inverted glafs decanter, 
which was fixed to the plate of the air pump, 
a thermometer being inferted by means of a 
{crew into a cavity in the neck of the 
decanter. } 

When the experiments were made with 
this apparatus, the refults were nearly the 
fame with thofe of the preceding trials; the 
cold produced by the exhauftion of the air 

being 
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being 5 degrees. It moreover appeared, that 
the cold generated by the rarefaction of 
phlogifticated air, was a little lefs, and by 
the rarefaction of dephlogifticated air, a little 
greater than by that of common air; but 
the difference was inconfiderable. | 

From the experiments of General Roy we 
learn, that the bulk of common air, at the 
temperature of 212, is to its bulk at the 
Zero of Farhenheit’s thermometer, as 14 to 
10, nearly; that is, when it 1s raifed from 
Zero to 212, its expanfion is nearly one half 
of its original bulk. 

The rarefaction of dephlogifticated air by 
heat is greater than that of common air. Let 
the bulk of the former of thefe fluids, when 
its temperature is raifed 110 degrees, be con- 
ceived to be increafed one half; and by that 
increafe of bulk, ‘let a quantity of heat be 
abforbed in confequence of an augmentation 
of capacity, which would raife the air three 
degrees. 

In the experiments with the aerometer re- 
cited above, it appeared that the feparation of 
r1o degrees of heat from the dephlogifticated 
air, raifed the water .4 of a degree; and 
hence, by the feparation of 110+ 3, or of 


113 
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113 degrees, the water would have been 
raifed .4 plus +¢<. That is, the feparation of 
three degrees would have raifed the water ris 
of a degree, which is a quantity fo inconfi- 
derable that it could not have been diftin- 
guifhed by the thermometer. 

Having determined the comparative heats 
of atmofpherical, pure, phlogifticated, fixed, 
and inflammable air, I next endeavoured to 
afcertain the comparative heat of aqueous 
vapour. | 
_ The comparative heat of aqueous vapour 
could not be determined by experiments fim1- 
lar to thofe recited above, becaufe the vapour 
of boiling water condenfes when it is reduced 
to a temperature below 212. I therefore 
had recourfe to the following method in or- 
der to difcover the capacity of that fluid. 

__ It is now generally believed that aqueous 
vapour is compofed of pure and inflammable 
air, which in the procefs of combuftion inti- 
mately unite with each other, and at the fame 
time give off a large quantity of elementary 
fire. 

If, therefore, the whole quantity of abfo- 
jute heat, contained in pure and intammabte 
air, be given, and if the heat which thefe 

fluids 
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fluids evolve, when, by the procefs of com- 

buftion, “they are changed into aqueous 
vapour, be likewife determined, the quantity 
of abfolute heat in the latter will be known. 

Hence, in order to difcover the quantity of” 
heat in aqueous vapour, it was neceflary to) 
determine the heat which is extricated from, 
pure and inflammable air when they are: 
burned together in clofe veffels. With a view’ 
to determine the heat produced by the com-: 
buftion of thefe fluids, it was propofed to me: 
by Dr. Prieftley that they fhould be confined] 
in a tinned or brafs veflel furrounded with wa-- 
ter, and fhould be fired by the electric fpark, a: 
thermometer being introduced into the water’ 
to indicate the heat that it received: in con-- 
fequence of which I contrived the followings 
apparatus for the purpofe of making this ex-- 
periment. (See plate III. fig. 3.) GK re-- 
prefents a brafs vefiel, at the lower extremity? 
of which is fixed a ftop cock, and at the up-- 
per extremity the apparatus commonly ufed! 
for firing inflammable and dephlogifticated! 
air by the electric fpark. This apparatuss 
confifts of a crooked brafs wire O P, infertedi 
in a {mall glafs tube 7, to which it is cement-- 
ed by plafter of Paris. The glafs tube ig,, 


im 
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in like manner, cemented to a brafs pipe 
through which it pafles, the latter being fixed 
by a {crew to the brafs veffel at the-point L. 
The immediate communication between the 
wire and vefiel being thus interrupted by 
means of the glafs tube, the electric {park, 
which enters at the upper extremity of the 
wire, fets fire to the air in its paflage from 
the lower extremity Q_to the fide of the 
veffel. 

The airs having been mixed mm the proper 
- proportions in a bladder, are introduced into 
the brafs veflel previoufly exhaufted by an air 
pump. The brafs veflel 1s then introduced 
into the tinned cylindrical veflel A D, (fee 
fig. 4) to the bottom of which it 1s fcrewed 
by means of a male fcrew formed on the ex- 
tremity of the pipe of the {top cock, which, 
as has been already mentioned, 15 fixed to the 
lower end of the brafs vefiel. As this cock 
neceflarily projects to a little diftance from 
the pipe, through which the air pafles, it is 

_ manifeft that a fmall portion of vacant {pace 
_ will be interpofed between the pipe and the 
_ lower extremity of the tinned veffel which is 
formed to receive it. For the purpofe of 
filling this cavity, a piece of cork, equal to 
ut 
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it in fize, is divided longitudinally throtigh 
the centre, and its fides are applied to the 
ftop cock, being excavated in fuch a manner 
as to be clofely adapted to every part of it. 
This is reprefented by NO, the lower ex- 
tremity of the figure GK, fee fig. 3. 

Finally, a quantity of water, fufficient to 
cover the brafs veliel, 1s introduced into A D, 
(fee fig. 4) and the temperature is indicated 
by a thermometer, which has each degree of 
Farhenheit’s {cale divided into ten equal parts. 
The tinned veflel is covered with thick flan- 
nel for the purpofe of counteracting the re= 
frigerating power of the furrounding air. 

By means of this apparatus I made the 
following experiment : 

Air in the room — 7 

A mixture of dephlogifticated and inflam- 
mable air, the volume of the latter being to | 
that of the former as 2 to 1, was introduced 


into the brafs veffel, which was {crewed te 


the bottom of the tinned veffel, and furround- 
ed with 16 ounces Troy, 2 drams, and 2 
fcruples of water The water being fuffered 
to remain in the veffel till the heat became 
very nearly ftationary, its temperature, as 
indicated by a thermometer which had each 

degree 
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degree of Farhenheit’s fcale, divided into ten 
equal parts, was found to be 46.1 plus. 

The airs were now fired by the electric 
fpark, and the temperature 

In 1 minute was — 47.3 

2 a rant Vea 
ne ir 43.3 
a. se 4.8.4 
a mee 48.5 
48.6 
—~ — 48.6 
— ~~ 43.6 plus. 
— —_ 48.6 plus. 

The brafs ver) being now removed, and. 
the water being agitated, for a little time, 
that the heat might be equally diffufed over 
it, the general temperature was 48.6 plus. 
‘When this experiment was made the baro- 
meter ftood at 30.6. | 

The purity of the dephlogifticated air, as 
-meafured by Dr. Prieftley’s Teft, was .2. 
The inflammable air was obtained from iron 
filings diffolved in the vitriolic acid. 

It is proper to obferve, that as the brafs 
--veffel could not be compleatly exhaufted by 
the air pump, a {mall portion of common 
air remained in it when the mixture of 
S dephlo- 


| 
| 
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dephlogifticated and inflammable air was in= 
troduced ; a little common air was alfo un- 
avoidably mixed with thefe fluids, when they 
were forced by means of a fyringe into the 
bladder, previoufly to their introduction into 
the brafs veflel. Though the mflammable 
air was obtained by a rapid effervefcence, and 
was.pafied feveral times through water, for 
the purpofe of purifying it, yet it could not » 
be entirely freed from the vitriolic acid air, 
and other impurities with which it 1s com- 
monly contaminated. 

For thefe reafons, after the experiment was 
finifhed, a quantity of air remained in the 
brafs veffel, which did not fuffer any change 
by the deflagration. This quantity was 
eftimated in the following manner: the brafs 
veflel, at the conclufion of the experiment, 
being unfcrewed from the tinned veflel, was 
initantly plunged into water, and the cock, 
which was fixed toits lower extremity, being 
opened, the water was fuffered to ruth into it. 
Having remained in this fituation until no 
more water would enter, the cock was fhut, 
and the veflel was weighed ; after which the 
fame veftel being compleatly filled with wa- 

2 ter, 


5 
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ter, was again weighed : whence it appeared 
that 5 ounce meafures Troy, and 3 dram 
meafures of air, remained in the veflel at the. 
conclufion of the experiment. 

- The original heat of the water in this ex- 
periment was 46.1 plus. At the end of nine 
minutes, when the brafs veffel was removed, 
and the water was reduced by agitation toa 
uniform temperature, the thermometer ftood 
at 48.6 plus. The heat imparted by the 
deflagration of the airs was therefore 2.5 de- 
grees. | 

This experiment was frequently repeated, 
and the mean refult gave 2.4 for the heat 
communicated to the water. Hence the 
number of degrees of fenfible heat, which 
would have been communicated by the de- 
flagration of the airs employed in thefe ex- 
periments, to an equal quantity of pure and 
inflammable air, mixed in the fame propor- 
tions, may be determined as follows. | 

The weight of the brafs veflel in which the 
airs were fired, was 23 ounces Troy, 1 dram, 
and 2 fcruples, or 11140 grains. The capa- 

city of brafs is to that of water as 1 to 8.9. 
That is, 8.9 ounces of brafs, or 4272 grains, 
: ee are 
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are equal in capacity to 1 ounce of water; 
and, confequently, 23 ounces, 1 dram, and 
2 fcruples, or 11140 grains, are equal in 
capacity to 2.607 ounces of water. 

The capacity of the tinned veffel in which 
the water and brafs apparatus were contain- 
ed, was to that of 34 ounces Troy of water, 
as 1 to 21.4. In other words, the quantity — 
of abfolute heat contained in the veffel was 
equal to that contained in the z+ part of 
34 ounces of water, or equal to that con- 
tained in 1.58 ounces of water. ‘The quan- 
tity of water employed in the experiment was 
16 ounces Troy, 2 drams, and 2 {cruples, 
or 16.33 ounces very nearly. The brafs 
apparatus has been fhown to be equal to 
2.607 ounces of water, and the tinned veffel 
to 1.58 ounces. Hence the water, cylinder, 
and vefiecl were equal in capacity to 20.517 
ounces of water. 

It was the purer part of the inflammable 
air alone that was capable of uniting with 
the dephlogifticated air in thefe experiments. 

The fpecific gravity of pure inflammable 
air is to that of common air as 1 to 12, and 
to that of dephlogifticated air nearly as 1 to 

12.Ia 
2 | 


uPON ANIMAL Heat, &c. 261 


12.1. If, therefore, the volumes of the two 
airs, ufed in the experiments in queftion, 
had been equal, their weights would have 
been as 1.to 12.1. ~But'as the volume of 
the inflammable air was twice as great as that 


‘of the dephlogifticated air, the former was 


12.1 


to the latter in weight as 1 to ——, oras 1 
to 6.05. Hence the fpecific gravity of the 
compound, confifting of thefe two {pecies’s of 
air mixed in the above proportions, was to 


that. of dephlogifticated air, as —~— 


574 


and to that of inflammable air, as 


tor YT; 
to 


I 
Co By 
1 


——, or as 4.7 to 1; and the fpecific gravity 
of inflammable air being to that of water, as 
1 to gg60, it follows that the fpecific gravity 
of water was to that of the compound as 
2119 tO 1. 

The comparative heat of pure dephiogitt 
cated air is to that of water, as 4.75 to 1, 
nearly; and the comparative heat of pure 
inflammable air is to that of water, as 21.4 
to 1. Hence the comparative heat of the 
compound was to that of water, as 7.11 to1. 

It was fhown above that the quantity of 
air which remained in the brafs veffel, at the 
conclufion of the experiment, was § ounce 
meatures Troy, and 3 dram meafures. It is 

3 3 mani~ 
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manifeft that this air, which confifted chiefly 
of phlogifticated, mixed with a fmall portion 
of common air, did not fuffer any change in 
its capacity during the deflagration. 

_ This appears from the experiments of Mr. 
Cavendifh, who has proved that pure dephlo- 
gifticated and inflammable air are almoft 
wholly converted into water, when they are | 
fired by the electric fpark in clofe veflels ; 
and that the quantity of air which remains 
in the vefftl, at the conclufion of the experi- 
ment, is in proportion to the heterogeneous 
aerial fluids with which thofe airs are mixed 
previoufly to their combutftion. 

The entire quantity of air which filled the 
brafs veffel was 16 ounce meafures Troy, 
and 3 dram meafures, very nearly; and the 
quantity which remained unaltered being : 
ounce meafures, and 3 dram meafures, it 
follows that the volume of the airs, which 
contracted'a chemical union in thofe experi-. 
ments, and which were converted into wa- 
ter, was Ir ounce meafures. The quantity 
of water ufed in the experiments was 16.33 
ounces; and it was before fhown that the 
brafs and tinned veffels were equal in capacity 
to 4. 187 ounces of water ; confequently the 


_ relative 
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selative magnitudes of the air and water were 
asi 1 10,43'4'4.107, OF as 16 BO. 5}. 

It has been already proved that the fpecific 
gravity of the compound of the airs employ- 
ed in the experiment was to that of water as 
ito 2119. Hence the quantity of matter in 
20.517 ounces of water was to that in 11 
- ounce meafures of the compound, as 3952.3 
to 1. We have feen that the water was 
raifed, by the deflagration of the airs, 2.4. de- 
grees. If the capacities of the airs and water 
had been equal, it is manifeft that the farne 
heat which raifed 3952 parts of water, 2.4, 
would have raifed one part of air 9484.8 de- 
grees. But the capacity of the airs was to 
that of water as 7.11 tor. The airs would 
therefore have been raifed by the fame heat 
only the 7 part of 9484.8, or 1333 degrees. 
Hence the whole quantity of heat which the 
airs contain at a given temperature, as ex- 
prefled in degrees of the thermometer, may 
be determined as follows. 

It was fhown, that the airs previoufly 
to their combuftion contained a quantity of 
heat fufficient to raife them 1333 degrees. 
If we fuppofe, that when they were fired by 
the electric fpark they gave off the whole of 

$ 4 the 
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the heat which they contained ; it will fol- 
low that the point of total privation, or the 
degree of cold to which they muft be reduced 
in order to deprive them wholly of their heat, 
1s 1333 degrees below the common tempera- 
ture of the atmofphere. But a part of the 
heat that exifted in thefe fluids was retained 
“by the water, which was the product of their 
union; the heat that was extricated from the 
airs being the difference between the entire 
quantity of heat which they contained, and 
that contained in an equal weight of water at 
the fame temperature. We have before feen 
that the whole quantity of abfolute heat, in the 
compound of pure and inflammable air, was 
to that contained in an equal weight of water 
at the fame temperature as 7.11 to 1; and 
hence the difference between the abfolute heat 
of the airs and of the water was 7.11—1, or 
6.11. “ 

It has been proved that this difference was 
fuch as would have heated the compound of 


pure and inflammable air 1333 degrees. In © 


order, therefore, to difcover how much the 
temperature of the airs would have been raifed 


by the heat which was retained by the- wa- 


: Ney 
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ter; fay if 6.11 give 1333 degrees, what 
will-1 give? Whence it appears, that the 
heat retained by the water would have heated 
the airs 218 degrees; adding this to 1333, 
we have 1551 degrees for the whole quantity 
of heat contained in the airs, as expreffed in 
degrees of the thermometer, and eftimated 
from the point of total privation *. 

The reader will obferve, that the fore- 
going calculation is deduced from the com- 
parative heats of air, and of water, and not 
from thofe of air and aqueous vapour. For 
though, in the experiments recited above, 
the pure and inflammable air were at firft 
converted into aqueous vapour; yet as the 
veflel was furrounded with water at a low 
temperature, and as a confiderable quantity 
of air remained in it after the deflagration, 


* Tt is a tribute of juftice, which is due to Dr. Irvine, 
to acknowledge, that the mode of reafoning, which has 
been employed in the above enquiry, to determine the 
whole quantity of heat contained in air, is fimilar to that , 
which he formerly employed to calculate the lowett degree 
’ of heat in bodies from. the relative capacities of ice and 
water, and the quantity of heat given off by the latter when 
itis congealed, ‘The ingenious Theorem, by which this 
_ curious queftion was folved, the reader will fee explained 

in Mr. Nicholfon’s Treatife on Natural Philosophy. 


the 
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the vapour, in the courfe of the experiment, 
muft neceflarily have been condenfed. 

It is evident that, in this experiment, an 
imperfect vacuum was formed by the con- 
verfion of the pure and inflammable air into 
water; and fome Philofophers have fuppofed 
that a vacuum may contain heat. 

T endeavoured to determine the queftion 
refpecting the capacity of a vacuum for heat 
by the following experiment: The cylindrical 
veffels of the aerometer, containing atmof- 
pherical air, were expofed for a confiderable 
time, in the bath, to the a@tion of boiling 
water, in order that the ftop cocks, by hav- 
ing the heat uniformly diffufed over them, 
might become air tight. The air was then 
exhaufted from one of the cylinders by means _ 
of a crooked pipe, which was fcrewed upon 
it, and which communicated with an. air 
pump ; after which the cylinders having been 
expofed to heat in the bath for feveral mi- 
nutes, were fuddenly immerfed in the tinned 
veffels, containing equal quantities of cold 
water. From this experiment, which was 
feveral times repeated, it clearly appeared that _ 
a vacuum has a lefs capacity for heat than 
atmofpherical air; and that, if it does con- 

fain 
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tain heat, the quantity is fo minute that it 
could not be appreciated by my thermome- 
ters. Admitting, however, that a fmall quan- 
tity of heat may exift in the vacuum, which 
is formed by the deflagration of pure and in- 
flammable air, in clofe vefiels, it will fol- 
low, that the natural Zero is a little lower 
than that which has been derived from the 
foregoing calculation. And in that cafe the 
natural Zero, as determined by experiments 
with fubftances which do not undergo a con- 
fiderable alteration of bulk, when they fuffer 
-a change of form, would be farther removed 
from the common temperature of the atmof- 
phere, than the Zero which is deduced from 
experiments with pure and inflammable air, 
It is manifeft, however, that the utmoft care 
and accuracy would be required to determine 
this point with fufficient precifion. In the 
mean time I think we may conclude with 
_gertainty, that pure and inflammable air, at 
the temperature of 50, contain nearly 1550 
degrees of heat. 
It was before fhown that all bodies, which 

have a common temperature, muft have the 
fame number of degrees of fenfible heat, as 
meafured by an equidifferential thermometer, 
| 3 saat and 


- 


268 EXPERIMENTS AND OBSERVATIONS 


and eftimated from the point of total priva- | 
tion. If, therefore, the entire quantity of 
fenfible heat contained in air, at the common 
temperature of the atmofphere, be 1550 de- 
grees, it will follow that the number of de- 
grees of heat, in all bodies at the fame tem-_ 
perature, muft likewife be 1550; and con- 
fequently this will be the point to which, if 
bodies were to be refrigerated, they would 
become abfolutely cold. 

Hence it is manifeft, that if, by the fore- 
going experiments upon air, the true Zero, 
or point of abfolute cold, has been juftly de- 
termined, it fhould correfpond with the Zero 
which is derived from fimilar experiments up- 
on all other bodies that produce fenfible heat 
or cold, in confequence of a change of form. 
Mefirs. Lavofier and De la Place have en- 
deavoured to fhow that the Zero, or point of 
total privation, as determined by the changes 
of capacity, and the quantities of heat evolved 
from bodies, 1n various inftances, is not uni- 
form. But they admit that the apparent 
deviations from this law were not greater than 
fuch as might have arifen from unavoidable 
errors in their experiments. I have made 
many experiments with a view to determine 

this 
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this queftion ; and I have uniformly found, 
that when bodies produced heat, in confe- 
quence of a change of form, their capacities 
were diminifhed ; and that, on the contrary, 
when they produced cold, their capacities 
were increafed. But I have not yet been 
enabled to bring my experiments to fuch a 
degree of accuracy as to determine, with cer- 
tainty,’ whether the relation which the in- 
creafe and diminution of capacity bears to the 
quantities of heat and cold produced be fuch 
as to give a uniform refuit for the point of 
total privation. The experiments were, how- 
ever, by no means inconfiftent with that law, 
and did not deviate from it more than might 
naturally be expected from the inaccuracy to 
which fuch experiments are liable. 

Having afcertained the whole quantity of 
heat in pure and inflammable air, we may 
hence determine the capacity of aqueous 
vapour. It has been proved that pure air, 
at the common temperature of the atmof- 
phere, contains 1550 degrees of heat; and it 
was fhown that all other bodies muft contain 
an equal number of degrees when at the fame 
-temperature. Water, therefore, at the com~ 
-mon temperature of the atmofphere, will 

| hike- 
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ikewife have 15s0 degrees of heat; and at. 
the temperature of 212 it will have nearly 
_ 1650 degrees of heat. But the heat abforbed 

by aqueous vapour, as appears from the ex- 

periments of Mr. Watt, is g14 degrees. 

From which it follows, that the capacity of 
water is to that of aqueous vapour as 1650 

to 1650 + gI4, or as 1 to 1.55. It was 

before proved that the capacity of water 1s to 

that of pure air as 1 to 4.749. The capa- 

city of aqueous vapour is therefore to that of 
pure air as 1.57 to 4.749, or as 1 to 3, 

nearly. 

Thus it appears, that dephlogifticated air 
contains a greater quantity of abfolute heat 
than fixed or phlogifticated air, or aqueous 
vapour. | 

Hence the quantity of heat, in a mixture 
of pure and phlogifticated air, will be en- 
ereafed by augmenting the proportion of the. 
former, and diminifhed by augmenting that 
of the latter. Agreeably to this we find, that 
the comparative heat of air perfectly pure, is 
to that of atmofpherical, which confifts of 4 
pure, and 2 phlogifticated air, as 2.2 to 1. 

The reader will obferve, that the quanti- 
ties of abfolute heat in equal bulks of re- 

{pirable 
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{pirable air, having different degrees of purity, 
are not accurately proportional to the quanti- 
ties of pure air which they contain; for the 
quantity of pure air, in a given portion of 
the pureft dephlogifticated air, 1s four times 

as great as that contained in an equal bulk of 
-atmofpherical ; and the comparative heat of 
the former is to that of the latter only as 2.2 
to 1. Thereafon is obvious: phlogifticated 
air, which is one of the conftituent parts of 
atmofpherical, contains a confiderable quan- 
tity of abfolute heat. 

_If, however, from the abfolute heat of any 
fpecies of refpirable air, we fubtract the heat 
contained in that portion of it, which is not 
altered by the action of the lungs in refpira- 
tion, the quantity of heat contained in the 
remainder will be nearly proportional'to its 
power in fupporting animal life. Thus, if 
from the heat of a given quantity of atmof- 
pherical air, we deduct the heat of the phlo- 
sifticated air which forms one of its contti- 
tuent parts, and which is not altered by re- 
{piration; the quantity of heat in the re- 
mainder will be to that contained in a quan- 
tity of pure air equal in bulk to the atmof- 
: pherical, as 1 to 4 nearly. And Dr. Prieftley, 
a 7 : whofe 


272 ExpERIMENTS AND OssEeRVATIONS 


whofe difcoveries on this fubject have been 
defervedly much admired, has proved, that 
the power of the latter, in fupporting animal 
life, 1s nearly five times as great as that of 
the former. 

It 1s proper to remark, that though the 
powers of different {pecies’s of refpirable air, 
in contributing to the fupport of animal life, 
are nearly proportional to the quantities of 
pure air which they contain, yet they are 
not accurately in that proportion; for the 
quantities of pure air, contained in the pureft 
dephlogifticated and in atmofpherical-air, are 
as 4 to 1; but the power of the firft, in 
fupporting animal life, 1s to that of the laft 
as 5 to 1. The reafon of this difference 
feems to be, that a {mall portion of the pure 
aur, contained in the atmofpherical, is pro- 
tected from the action of the lungs by the 
phlogifticated air with which it is mixed, as 
Mr. Kirwan has fuggefted. 

There is, therefore, upon the whole, fuf- 
ficient evidence for concluding that the purer 
part of atmofpherical air has its capacity for 
heat diminifhed by the change which it un- — 
dergoes in the Jungs of animals; and _ that, 
if from the abfolute heat of any fpecies of 

re{pirable 
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refpirable air not perfectly pure, we fubtract 
the heat of thofe ingredients which are not 
altered by refpiration, the quantity of heat 
contained in the remainder will be nearly 
proportional to its power in fupporting ani- 
mal hfe. 


FPreoprositton il. 


The blood which pafles from the lungs to 
the heart by the pulmonary vein, contains 
more abfolute heat than that which pafles 
from the heart to the lungs by the pulmonary 
artery. 

As the former is the blood which is pro- 
pelled through the arteries in the aortic fyftem, 
and the latter is that which in the fame fyftem 
is returned by the veins, I fhall call the firft 
arterial, and the laft venous blood. 

The following experiments were made to 
determine the comparative heats of vengus 
and arterial blood. | | 


EXPERIMENT I. 
Air in the room a 68 
Half a pound of water, Avoirdupoife 
weight, at 53, was mixed with half a pound 


and 400 grains of arterial blood, at 102. 
T : The 


7a 
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The mixture at the end of 


I minute was 78, 

4 a 773, nearly, 

3 —- 77% when it coagulated, 
4 Ty 772° 


EXPERIMENT II, 


Half a poand of water, Avoirdupoife 
weight, at 53:, was mixed with nine ounces, 
and a half and 14 grains of venous blood, at, 
99: 

The mixture at the end of 

+I minute was 76, 


Ryka ore 76 when it coagulated, 
g ter 76, 


“*'In making thefe experiments it was necef- 


fary to ufe as much expedition as poffible, 
that the heat of the mixture might be deter- 
mined previoufly to the coagulation; and, 
therefore, the water was firft accurately 
weighed. Half a pint of blood was taken 
from the carotid artery of a fheep for the 
firft experiment, and from the jugular vein 
for the fecond: the heat of the mixture was 
then afcertained by the thermometer, and 

the 
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the weight of the blood was determined at 
the conclufion of the experiment. 2 

It. may be proper to obferve, that when 
the venous and arterial blood were firft dif 
charged from the animal, the former was 
_much more fluid than the latter ;°and we 
have feen that when they were mixed with 
equal quantities of water, the venotis blood 
was fomewhat later in coagulating than‘the 
arterial. | 
"To determine the heat of -arterial blood, 
- from the former of the above experiments, 
we may obferve, that as, 11 this experiment, 
the blood was poured upon the water, a {mall 
portion of heat was loft in its paflage through 
the air. I have found, by a fubfequent trial, 
that the quantity of heat which was thus loft 
was ‘very nearly one degree. If this ‘heat 
had been added to the mixture, it-would 
have raifed it nearly half a degree; and as 
the mixture, previoufly to its coagulation, 
cooled at the rate of one-fourth of a degree . 
in a minute, we may add, at leaft, half a 
degree for the heat loft in the firft minute, 
which gives 78: for the pasesassie i ‘of the 
mixture. 

aes This 
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‘This experiment was made in a pint pewter 
veffel, the capacity of which for receiving 
heat was to that of the water nearly as 1 to 
16. The quantity of water was eight ounces ; 
the heat received by the veffel was confe- 
quently equal to that which would have been 
received by the one-fixteenth part of eight 
ounces, or by half an ounce of water. It 
follows, that the effect of the veffel and the 
water together was equal to that which would 
have been produced by eight ounces and an 
half of water. 

The temperature of the mixture was 78: ; 
fubtracting this from 102, we have 23: for 
the heat feparated from the blood. The 
water and the veffel were raifed from 53 to 
78, or 25:. The quantity of blood was 
eight ounces and 400 grains Avoirdupoife, 
or 3899 grains; and, therefore, the heat of 
the arterial blood is to that of water, in the 
compound ratio of 8% ounces to 8 ounces © 
and 400 grains, and of 25: to 23:, or as _ 
103 to 100; confequently the heat of water 
is to that of arterial blood as 100 to 103, oF 
nearly as 97.08 to 100. 

In the fecond experiment, adding half a 
degree for the heat loft in the firft minute, 


we 
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we have 76! for the temperature of the 
mixture. The blood was cooled from gg: to 
76;, or nearly 22.83. ‘The water and vef- 
fel were raifed from 53: to 76:, or 23 de- 


grees. The quantity of venous blood was 


9: ounces and 14 grains Avoirdupoife, or 


4168 grains. The water and veffel were to- 


i 


gether equal to 8: ounces of water; there 
fore the heat of venous blood is to that of 
water, in the compound ratio of 8; ounces 
to 9: ounces and 14 grains, and of 22.83 to 


23, Or as 100 to 112. 


Putting A for arterial blood, V for venous, 
and W for water, the ratio of the heat of 
venous to that of arterial blood, is determined 
in the following manner: 

V. Wa, 


97. G04 100. +114. 


errerctore V > As :'97.08 to 112, or near 
ly as 10 to 11j. 


To determine whether the fame change is 
produced in the blood of other animals, by 


the procefs of refpiration, fimilar experi- 


ments were made with the venous and arterial 


blood of a dog. And the inaccuracy which 
‘might be fuppofed to have arifen in the 
former experiments, from the tendency of 


T 3 the 
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the blood to coagulate, was avoided. by mix- 
ing the water and blood in fuch quantities 
that the coagulation fhould not take place 
for many minutes.. When nearly 2 ounces 
of venous blood was received from the jugular 
vein of a dog, and fpeedily mixed with 13 
ounces of water, no tendency to coagulation 
was obferved during the firft three minutes. 
At the end of the 4th minute, the fluidity of 
the mixture feemed to be a little diminifhed ; _ 
and at the end of the 6th minute it was com- 

pleatly coagulated. 
_ When -1-ounce, 7 drams, and 2 fcruples 
of arterial blood was taken from the carotid 
artery. of a dog, and mixed with 13 ounces | 
Troy of water, having the fame temperature 
with that ufed in the foregoing experiment, 
a tendenc y to coagulation was perceived at the 
end of 23 ed ; and at the conclufion of 
the sth minute, the coagulation was com- 
pleated. _ By -varying- thefe experiments, I 
found that when one part of blood was 
mixed with nearly 12 parts of water, no 
coagulation took place for feveral hours; and 
thus the inaccuracy which might be fuppofed 
to arife from a tendency to coagulation, was 
obviated, From the refults of a variety of | 
. trials, 
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trials, made with thefe precautions, it ap- 
peared that the comparative heat of the 
arterial blood of a dog was to that of the 
venous, as r14.to 100. In the experiments 
with the blood of a fheep, the comparative 
heats were as 115 to 100. Thefe refults fo 
nearly coincide, that the difference may be 
-fuppofed to have arifen from unavoidable 
errors in the experiments. It is not tm- 
_ probable, however, that in fome aniinals, the 
excefs of the comparative heat of the arterial 
above that of the venous blood, may be 
greater than in others. | 
From the foregoing experiments we may 
conclude, in general, that the blood which 
paffes from the lungs to the heart, by the 
pulmonary vein, contains more abfolute heat 
than that which pafles from the heart to the 
lungs by the pulmonary artery. | 
: 


PrRoposiTIoN IIl.. 


a Aaah 


The comparative. quantities of heat in 
bodies, fuppofed to contain phlogifton, are 
 encreafed by the changes which they undergo 
in the proceffes of: calcination and com- 
buition, | | 
oe T 4 BY 
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By fome Philofophers in the prefent age, 
the exiftence of the principle, which the > 
Chemifts have termed phlogifton, has been 
called in queftion. 

It does not, however, appear that any 
evidence has hitherto been adduced which 
will warrant us in rejecting this principle. 
_ We know that a particular {pecies of com- 
buftion is produced by the union of inflam- 
mable with the purer part of common air. 
We alfo know that inflammable air can be 
obtained from the greater part of combutfti- 
ble bodies, by expofing them to heat in clofe 
veffels. Hence this fluid or its bafis exifts in 
moft of thofe bodies; and as they are not 
found to contain any other principle effential 
to their inflammation, it follows that in- 
flammable air or its bafis may juftly be confi- 
dered as the fame thing with the phlogifton of 
the Chemifts*. But it may be doubted 
whether the Chemifts have not been deceived, 


in fuppofing the extrication of this principle 


* See Mr. Kirwan’s Paper on this fubje@. Philo- 
fophical ‘Tranfactions, Royal Society, London, vol. 72, 
p.195. See alfo the treatife which has lately been pub- 
lifhed, by the fame Philofopher, in defence of the doctrine 
of phlogifton. 


neceflary 
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‘neceffary in all cafes to that procefs, -as well 
as to the procefs of calcination. 

If there 1s any other fubftance in nature, 
befides the inflammable principle, which is 
capable of combining with pure air; and if, 
-in confequence of that combination, the air 
fhould fuddenly fuffer a great. diminution in 
its capacity for heat, the phenomena of flame 
and of combuftion would be produced. 

Mr. Lavofier, who is the principal oppo- 
nent of the doctrine of phlogifton, fuppofes 
that metals are fimple fubftances, which in 
certain degrees of heat are capable of con- 
tracting an union with pure air, and that by 
this union they are converted into calces. 
That when the calces are again expofed to 
heat in contaét with charcoal, the latter 
combines with the pure air, changing it into 
_ aérial acid; and thus the air being feparated 
by the fuperior attraction of the charcoal, the 
metals are revived. Sulphur and phofphorus, 
are, in like manner, fuppofed to be fimple 
fubftances, which during their combuftion 
are changed into acids by combining with 
pure air. 

This theory appears neceflarily to lead to 
the following confequences. If the inflam- 

| | mable 


2 
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mable air, which is produced by the folution 
of metals in acids, by that of fulphur in ~ 
alkalis, and by the expofure of charcoal to 
heat, be not derived from the metals, the 
fulphur and the charcoal, but from the 
decompofition of water, as Mr. Lavofier 
fuppofes, the quantity of inflammable air 
produced in thefe cafes, fhould not be greater 
or lefs, than the quantity contained in the 
portion of water that is decompofed. It 1s 
now generally believed, that the quantity of 
inflammable air contained in water, 1s nearly 
+ of the whole, the remaining + confifting of 
pure air. During the folution of metals in 
acids, Mr. Lavofier conceives that the por- 
tion of the water, which confifts of pure air, 
is united to the metallic falt, the portion 
which confifts of inflammable air being at 
the fame time fuffered to efcape. When the - 
metallic falt 1s decompofed by a cauttic al- 
kali, the air that was formerly united to the 
falt adheres to the calx, and falls with it to 
the bottom of the veffel. The weight of the 

precipitate is confequently greater than the 
original weight of the metal. | 
Hence the quantity of water that is ass 
-compofed, admitting the truth of Mr. Lavo- 
fier’s 
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fier’s theory, may be determined, for it will 
be + greater than the excefs of the weight of 
the calx above the original weight of the 


metal *, If, therefore, that excefs Be divid-. 


ed into five equal parts, and if the weight of 
_ the inflammable air be equal to one of thofe 
parts, we may conclude, with much appear- 
_ance of probability, .that it was wholly derived 
from the water. If it be greater, we may 
thence infer, with certainty, that a part of 
it muft have been extricated from the metal 
during its folution; and if lefs, it will fol- 
low that the whole of the air united to the 
calx could not have been derived from ‘the 
decompofition of water. | 
It appears, indeed, from Mr. Kirwan’s 
late excellent work on phlogifton, that the 
hypothefis refpecting the decompofition of 
water, is not fupported by any decifive ex- 


* Dr. Prieftley’s Experiments prove, that, in fome 
inftances water is obtained by expofing the calces of me- 
tals to heat in contact with inflammable air. In thofe 
cafes the quantity of water that was decompofed during 
the calcination of the metals, according to Mr. Lavo- 
fier’ S Hy pothefis, may be found, for it will be equal to 
the quantity that is reproduced, 

periments ; 


¢ 
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periments; and, confequently, that the opi- 
nion of thofe who reject the antient doctrine 
of phlogifton refts on a very precarious 
foundation. 

As the queftion, however, refpecting the 
exiftence of the inflammable principle in 
metals, in charcoal, in fulphur, and in 
phofphorus, does not yet feem to have been 
determined with fufficient certainty, I fhall 
not enter into it more particularly at prefent ; 
but fhall endeavour to fhow that, whatever 
be the nature of the change which bodies, 
fuppofed to contain phlogifton, undergo in 
the procefles of calcination and combuttion, 
the quantities of their abfolute heat are en- - 
creafed. This will appear from the follow- 
ing experiments. 


ExPERIMENT JI, 


Air in the room being — AQ. 
16 ounces of water were introduced 
_ into a tinned veffel, and were 

raifed to — 127. 
With this water 18 ounces of 
wafhed diaphoretic antimony 

were mixed at — AQ.1. 

. The. 
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The veflel containing the mixture was 
placed in the {team bath formerly defcribed. 
It refted on a thin piece of cork which was 
applied to the bottom of the bath, and its 
mouth was clofed with a cork to prevent the 
accefs of the external air. The bath was 
raifed to the fixed temperature of 102. 

_ The mixture being agitated in fuch a man- 
ner as to bring its feveral parts nearly to an 
equal heat, in two minutes its temperature 
(as meafured by a cylindrical thermometer 
which reached from the furface to the bot- 


tom) was — 111.75, 
6 minutes — May, 
8 — 111.75, nearly. 


By fubfequent trials it was found that the 
agitation given to the mixture diminifhed its 
temperature nearly .33 of a degree. Adding 
therefore .33 to 111.75, we have 112.08 for 
the true temperature of the mixture. 

' In this experiment the cold antimony was 
introduced into the veffel containing the 
warm water. The heat imparted by the vef- 
fel was equal to that which would have 
been imparted by .85 of an ounce of 
water. 

/The 


\ 
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The water was cooled — 14.92. 
andthe antimony heated — 62.58. 

Since, therefore, the antimony cooled 16 
ounces of water, and the vefiel which was 
equal to .85 of an ounce of water, 14.92 
degrees, it follows that it would have cooled 
16.85 ounces of water 14.92 degrees. Hence 
the comparative heat of water is*to that of 
diaphoretic antimony, in the compound ratio 
of 14.92 to 62.58, and of 16.85 to 18, or 
as 4.4 to 1, nearly. 

As the calx ufed in this experiment was 
united to a confiderable quantity of air, I 
next endeavoured to expel the air from it, as 
compleatly as poffible, by moiftening it with 
nitrous acid, and expofing it to a red heat, 
agreeably to the method recommended by 
Mr. Scheele. Its comparative heat, after this 
procefs, was found to be to that of water as 
1 to 6; and the ratio of the comparative 
heat of regulus of antimony was, to that of 
the fame fluid, as 1 to 15.5. 

By fimilar experiments, I endeavoured to 
determine the comparative heats of moft of 
the metals and their calces, the latter being 
examined both when combined with air, and 


when 
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when in a great meafure freed from. it by 

means of nitrous acid, and expofure to 
heat. y the ays 

# The refults < are cogachieasit in the fol- 

lowing table : “ss 

. Wathed diaphoretic antimony  .22727 
Wafhed diaphoretic antimony, _ 

having the air extricated by 


nitrous acidand fire, | - — ,16666 
Regulus of antimony - .06451 
Yellopy calx of.lead having the 

oo oa extricated * - .06802 
bdvead <. ~ - 03 520 
- White calx of tin - -10869 


White calx of tin, having the 
air extricated by mitrous acid 


and fire - 1099009 
Tm. - —F .070422 
_ Ruf of iron - “ 125000" 


Ruft of iron, having the air ex- 

» tricated by nitrous acid and 

bs Atle, ~ - , .16666 
Tron > . .12690 
-* This calx was obtained from red lead by means of 


nitrous acid and fire. The comparative heats of the red 
lead ane yellow calx were found to be nearly the fame. 


3 Calx 


et 
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Calx of copper precipitated from 
blue vitriol by an alkali, and 
having the air extricated by 


nitrous acid and fire, - 22709 
Copper - - -TIIII 
Brafs - ~ MEZSs 


Calx of zinc precipitated from 
white vitriol by an alkali, and 
having the air extricated by 


nitrous acid and fire, - 13698 
Regulus of zinc = 1094.33 
Water - - 1.00000 


By fimilar experiments it may be proved 
that fulphur contains lefs abfolute heat than 
the vitriolic acid, and oil lefs than water or 
ane, 

From the following trials, which were 
feveral times repeated with the utmoft care, 
it appears that alcohol alfo contains lefs 
abfolute heat than water. 


* This appears from Mr. Kirwan’s Experiments, 
the refults of which have been communicated to the — 
public, in Mr. Magellan’s Treatife on Elementary Fire. © 
According to thefe experiments the comparative heat of 


water being _ ol coe 1.000 
That of fulphur is . | = 0.183 
Vitriolic acid, of a brown colour, aod 0.429 

—Linfeed oil oe = 0.528 


EI x- 
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Ex PERIMENT I. 


aid in the room —— RY. 5. 
| Nine ounces of powdered chalk at 61, 
~~ mixed with 10: ounces of fpirit 

* of wine at a 139. 

The mixture being agitated 20 times with 
the thin blade of a knife, and the temperature 
being examined by a cylindrical thermometer 
which reached from the furface to the. 


bottom, 

~In 1 minute it was D2. AE 
2 — | 120.5 nearly 
ait ay T19.75 | 
Hos _— LEgs 


I have found that the parts. of the mixture 
are moft {peedily brought to a common tem- 
perature when they are agitated by a thin flat 
fubftance. The blade of a knife is well cal~ 
culated for this purpofe. 

_ From fubfequent trials it appeared, that the 
heat loft by the agitation in the courfe of the 
firft minute was one degree. Adding this to 
120.75, we have 121.75 for the true tem-. 
perature of the mixture. ‘ 
_ The fpirit was therefore cooled 17.25, 
and the chalk heated - 60.75. 
U In 
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In the experiment the cold chalk was pour- 
ed into the vefiel containing the warm fpirit 
of wine; and the capacity of the veffel being 
equal to that of .7 of an ounce of fpirit, the 
fpirit and veflel were together equal to 10.95 
ounces. The quantity of chalk was nine 
ounces. Hence the comparative heat of 
chalk is to that of f{pirit of wine, in)-the 
compound ratio of 17.25 to 60.75, and of 
10.95 tog, or as § to 2.89. The fpecific 
gravity of the fpirit ufed in this experiment 
was .857 | 

The following experiment was made with 
fpirit, the fpecific gravity of which was 
784. 

EXPERIMENT H. 
Air in the room — 60. 

Nine ounces of powdered chalk at 62.8, 

mixed with 10.25 ounces of 
alcohol at —- | 139. 

The mixture being agitated 20 times witlt) 
the thin blade of a knife, its ternperature, as) 
meafured by a cylindrical thermometer, was — 


In 1 minute — ITN 75 I 
2 — meee NO Oa 
Pe ae — 118 
4, moe ome 117. 


Allow-- 
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Allowing one degree for the heat loft by 
agitation in the courfe of the firft minute, 
we have 119.75 for the true temperature. 

The alcohol was therefore 

cooled — 19.25 

and the chalk heated KO. | domrees. 

The cold chalk was introduced into the 
vefiel containing the warrn alcohol; and the 
capacity of the veflel being nearly equal to 
that of .8 of an ounce of alcohol, the {pirit 
and vefiel were together equal to 11.15 
bunces. The quantity of chalk was nine 
ounces. | 
' The comparative heat of chalk is therefore 
to that of alcohol in the compound ratio of 
19.25 to 56, and of 11.15 to g, or as 1 to 


2.3.4. 


EXPERIMENT III. 


Air in the room — 61. 
Nine ounces of powdered chalk at 62.2, 
mixed with ro. ounces of 
“Warer at * — 139. 
The mixture being agitated as before 20 
times, and its temperature being meafured 
by the fame thermometer that was ufed in 
the former experiments, 


eo, a oe 
. > 
j 4 


Bb 


te 
z 
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In 1 minute it was - 124.75 
2 ab J — 124.5 plus, 
: 
3 ati — 123.75 oll 
4 yes — 122.475 “? 


The capacity of the veflel was equal to 
that of .65 of an ounce of water, and the 
heat loft in the firft minute was very nearly 
1.2 degrees. Hence by this experiment the 
comparative heat of chalk 1s to that of water 
as 1 to 3-9. 

The comparative heat of water is therefore 
to that of alcohol as 3.9 to 2.34, or as 1.66 
to I. 

This experiment was repeated as follows: * 

Air in the room — Gb. 

Atmofpherical air being contained in wou 
tubes of the aerometer, 16} ounces of fpirit — 
of wine (fpec. grav. .826) was introduced 
into the tinned veffel L, and 20 ounces of 
water into R. 

The temperatures of the water-and fpirit © 
being very nearly equal, the aerometer was 
heated in the water bath, and immerfed in | 
the tinned veflels, where it. was fuffered to 
remain during 16 minutes; after which be- ~ 
ing removed, and the water and {pirit being 
agitated for a fhort time, the former was 
7 railed 


aa - 
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raifed two degrees, the latter four. By this 
experiment the comparative heat of water is 

“to that of the {pitit as 1.5 tor. ; 
From the foregoing experiments it ap- 
pears, in general, that metals contain lefs: 
-abfolute heat than their calces, fulphur lef 
than the vitriolic acid, and oil and alcohol 
lefs than air or water. Moft of the metals, 
which were the fubject of thefe experiments, 
are fixed fubftances, no part of them being 
elevated into vapour, in their calcination, ex- 
cept perhaps a {mall portion of inflammable 
air, which efcapes during that procefs. Sul- 
phur, oil, and alcohol, on the contrary, are 
wholly volatile on the application of fire. 
There are other fubftances, as wood and pit- 
coal, which, in the procefs of inflammation, 
are partly fixed and partly volatile. We 
cannot, by comparing thefe fubftances with 
their afhes, determine whether their capaci- 
ties for containing heat are increafed by com- 
buftion; becaufe the afhes, which are the 
refult of the combuftion of a given quantity 
of them, bear a very {mall proportion to the 
whole. Thus it appears, from the Experiments 
of the learned and ingenious Bifhop of Llan- 
_daff, that pit-coal contains one-third of its 
U3 weight 
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weight of aérial and liguid matters, which may 
be feparated by diftillation ; that dry heart of 
oak and fallow lofe more than two-thirds of © 
their weight in the fame procefs, and that 
from 106 pounds Avoirdupoife weight of dry 
peeled oak, only 19 ounces of afhes were ob- 
tained. It is probable that a much fmailer 
quantity would be produced by the com- 
buftion of an equal weight of green oak. 

I have found that the afhes which were 
obtained from 56 pounds of Newcaftle coal, 
weighed feven pounds fix ounces. Thefe 
afhes were not compleatly calcined. If they 
had been expofed to a ftrong heat, in a cruci- 
ble, it is likely that the diminution in their 
weight would have been much more confidere 
able. 

Doétor Prieftley has proved that charcoal, 
when moiftened with a little water, and 
heated to a fufficient degree in clofe vefiels, 
may be almoft wholly refolved into heavy 
inflammable air; a fluid which confifts part- 
ly of light inflammable air, and partly either 
of fixed air or of a fubftance that may be 
confidered as its bafis. 

If, therefore, the capacities of wood and 
pit-coal be found by experiment to exceed 
| thofe 
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thofe of their afhes, we cannot from hence 
infer that the capacities of thofe fubftances 
are diminifhed by combuftion. For it has 
been proved that the fixed matters in wood 
and pit-coal are combined with a large pro- 
portion of volatile principles, confifting 
chiefly of pure or of fixed air and water; 
and it appears, from experiment, that com- 
pounds, which confift of thefe elements, 
united to principles that refift the force of 
fire, have a greater capacity for heat than 
the latter in their uncombined ftate. We 
find, for example, from the foregoing table, 
that the calces of metals, when they are 
faturated with air, contain more abfolute 
heat than the fame fubftances, when the air 
as in a great meafure extricated by nitrous 
acid, and expofure to fire. 

I have alfo found that chalk contains more 
abfolute heat than quicklime. 

‘In order to determine the quantities of 
abfolute heat m chalk and quicklime, I had 
recourfe to alcohol as a ftandard. For the 
comparative heat of quicklime could not be 
afcertained with accuracy by making water 
the ftandard, as thefe fubitances, when mixed 
together, produce much fenfible heat; but 

ay when 
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when quicklime is mixed with alcohol, the 


heat produced during the firft minute, is fo J 


{mall as not materially to effect the refult of 


the experiment. 


The comparative heat of quicklime, as 
determined by this method, will appear from — 


the following trials. 


EXPERIMENT I. 


Air in the room 


eee 


Eleven ounces of powdered quick- 


lime at 


eae) 


mixed with 10.25 ounces of al- 


cohol at 


ae 


4’ 


62.8. 


66.2 


139. 


The mixture being agitated with the thin — 
blade of a knife 20 times, its temperature 


In xr minute was 


N 


Ee 


aon 1 
4 OO CON On & wo 


ona 


aD 


oy 


eu) 


od 


419-75 

eos 
121 

12 1 
L20.40 
123-75 
124.75 
125 
126.5 


128 


plus 


Tn 
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Jn 16 minutes “aa 131 
21 — — 134.5 
gamer i 137-5 
AI — — I40 


ExPERIMENT. II. 


Equal bulks of quicklime, and the fame 
alcohol, being mixed together at the tempera- 
ture of 62, the mixture 


In 1 minute was . — 62.2 
2 a re 02.4 
3 —- — 62% 
4 oe OO 62.6 
5 — os 62.7 
6 an ra 62.8. 


_ The fpecific gravity of the alcohol ufed in 
thefe experiments was .784. Hence it ap- 
pears, that more fenfible heat 1s produced by 
mixing quicklime and alcohol when the lat~ 
ter is at a high temperature, than by mixing 
them when both are at a low temperature. 
It alfo appears, that, in the former inftance, 
the quantity of fenfible heat produced in- 
creafes for a certain length of time, until it 
| | : arrives 
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arrives at a maximum, after which it begins 
to diminith *., | 

Allowing 3 of adegree for the fenfible heat 
produced by the mixture, and one degree for 

that which was left by the agitation, we have 
4 of a degree for the abfolute quantity of 
heat feparated in the courfe of the firft mi- 
nute. This being added to 119.75 gives 120 
for the true temperature of the mixture. 
The capacity of the veffel was equal to that 
of .8 of an ounce of alcohol, the alcohol and 
veflel were therefore equal to 11.05 ounces; 
the alcohol was cooled 19 degrees, and the 
quicklime heated 53.8. The comparative 
heat of quicklime is, therefore, to that of 
alcohol in the compound ratio of 11.05 to 
y1, and of 19 to 53.8, or as 1 to 2.8. 

It was before fhown that the comparative 
heat of chalk is to that of alcohol, as 1 to 
2.34. Hence the comparative heat of chalk 


* Tt is manifeft, that the production of fenfible heat 
increafed for a certain length of time in the above ex- 
periment. For though the afcenfion of the mercury in 
‘the thermometer was equal during feveral minutes, yet as 
the temperature was augmented, the quantity of heat car- 
ried off by the air, in a given time, was continually 
encreafing. 

| exceeds. 
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exceeds that of quicklime in the proportion 
of 2.8 to 2.34, or in that of 1.165 to 1. 

Mr. Kirwan has proved that the mild 
volatile alkali contains more abfolute heat 
than the cauftic. From the Experiments of | 
this Philofopher it alfo appears, that the 
dephiogifticated nitrous and vitriolic acids 
have more abfolute heat than the fame acids 
when they are not dephlogifticated ; and it is 
very probable that the dephlogiftication of 
thofe acids arifes from the feparation of in- 
flammable, and the abforption of pure air. 
It moreover appears by experiment that the 
vitriolic acid, which probably derives its - 
fluidity from water, contains more abfolute 
heat, when it 1s combined with a large pro- 
portion of that fluid, than when it is united 
to a {mall proportion of it. 

Hence we may conclude, in general, that 
when fubftances, which refift the force of 
fire, are united to pure air, aerial acid, or 
water, the capacity of the compound is greater 
than that of the fixed fubftance, in its un- 
combined ftate; and that the excefs of the 
capacity of the compound, above that of the 
fixed fubitance, is, in fome meafure, propor- 

tional 
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tional to the quantity of the fluids with Ay 
which the latter is combined. M4 

If this be admitted, it will follow that the 
capacities of wood and pit-coal, which are” 
compounds confilting of fixed elements united ~ 
to a large proportion of aérial and aqueous — 
particles, muft neceflarily be greater than’ 
thofe of the fixed parts that remain after — 
thefe fubftances have been 'refolved into their” 
principles by. combuftion *. 

I have endeavoured, by a variety of trials,’ 
to. afcertain the comparative heats of wood, — 
of pit-coal, and of their aflres. | 

In the following table I fhall give the” 
reader a brief view of the refults of thofe 
trials. 


Duft of the pine tree —_ . 50000 
Charcoal — eae 263105 

» Afhes of the fame charcoal -—- .ogogo 

. Afhes of the elm tree oSat 14025" 
Pit-coal a oar —— 297799 + 
Cinders = Sth ia a 119230 
Athes of cinders = 18552 


* It's proper to obferve, that the afhes of vegetables 
are-alfo combined with.a portion of air and water. But 
the quantity of thofe fluids, which is contained in the afhes, 
is much fmaller than that which exifted in the vegetables. 
previoufly to their combuftion. | 
| In 
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In making thefe experiments, the folid body, 
reduced to a fine powder, was raifed in a 
flight tinned iron veffel to the temperature 
of 139; the cold water was then fuddenly 
poured upon it, and the veffel was placed in 
fuch a fituation, that the furrounding air 
Should have nearly the fame temperature with 
the mixture. Different parts of the fame 
room were chofen for this purpofe; the wa- 
ter, before it was mixed with the folid, being | 
placed in the colder part of the room, and 
the mixture in the warmer. 

By this contrivance the lofs of heat arifing 
from the agitation, which was neceflary to 

-bring the parts of the mixture to a common 
temperature, was fo {mall as to produce a 
_very flight inaccuracy in the experiment. 

_ As the experiment were made in the winter 
feafon, a fufficient variation of temperature 
was readily obtained in the fame room, be- 
ccaufe the heat communicated by the folid to 
the cold water was not very confiderable. | 

The folid was raifed to the defired tem- 
perature by placing it in the fteam bath 
formerly defcribed ; and the heat of the mix- 
_ ture was meafured by a thermometer that 
had 


« 

- ar <= 
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had each degree of Farhenheit’s fcale divided 
into ten equal parts. 4 

Thetrials, from which the refults contains 
ed in the foregoing table have been calculated, 
do not exactly correfpond with fome experi- 
ments which were formerly communicated to- 
the public on the fame fubject. But as they” 
were feveral times repeated with great care, 
and were made in circumftances which admit 
of a confiderable degree of accuracy, I can- 
not help thinking that they approach near to 
the truth. 

''Thefe experiments prove that wood and 
pit-coal have more abfolute heat than their 
afhes. Wecannot however, as was before 
obferved, infer from hence that the capacities 
of thofe fubftances are diminifhied by com- 
buftton, nor indeed can we conclude that the 
capacities of the fixed matters which they 
contain are diminifhed by that procefs. Not- 
-withftanding the above experiments, it is 
poffible that the fixed matters in pit-coal and 
vegetables, may have a lefs capacity for heat 
when they exift in thofe fubftances as confti- 
‘tuent principles, than they have during their 
fubfequent exiftence in the ftate of afhes. 
Thus, if we conceive the capacities of the 

3 earthy 
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_ earthy and alkaline principles which exift in 
dry oak to be to that of the oak as 1 to 10, it 
will follow that the capacities of thefe princi- 
ples are nearly doubled when they acquire the 
_ form of afhes in the procefs of combuftion, 
becaufe it is found that the ratio of the capa- 
city of the athes, produced by the burning 
of oak, is to that of the oakitielf as 1 to 5. 
If, however, we fuppofe, contrary to ana- 
logy, that the capacities of the afhes of pit- 
_ coal and vegetables are diminifhed by com- 
buftion ; yet it is manifeft that the fum of 
the capacities of the principles, into which 
- thofe fubftances are refolved by that procefs, 
4s increafed. For fixed bodies, as was before 
fhown, have a lefs capacity for heat than 
pure air, aerial acid, or water. When thefe 
fubftances enter into a chemical union with 
each other, it is very probable that the capa- 
cities of the fixed parts are increafed, and that 
thofe of the volatile parts are diminifhed. 
We cannot, therefore, fuppofe that the fixed 
principles, which enter into the compofition 
of wood, havea greater capacity for heat than 
the compound which confilts of thofe princi- 
ples combined with air and water. Let the 
_ capacities of the fixed principles be sguse” 
or 


ad . . 
bt 
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for the fake of argument; to be equal to that - : 


of the compound. It has been fhown that 


the capacity of dry oak is nearly five times | 


greater than that of its afhes.. Hence it will 


follow, upon this fuppofition, that the fixed 
parts in dry oak, when they are changed into 
afhes by combuftion, undergo a diminution 
of capacity as 5; but it was proved that the 


fixed principles in dry oak compofe not more . 


than -% of the whole, the remaining 83 parts 
being, in the procefs of combuftion, refolved 
into air and water. During this procefs the 
water is raifed into vapour, and the air 1s ex- 
panded into a permanently elaftic fluid. The 
capacities of the air, and of the aqueous 
vapours, which are thus obtained, are at leaft 


four times greater than that of dry oak. Con-_ 


fequently, when this fubftance is refolved into 
its principles by combuftion, there is, in one 
part, a diminution of capacity as 5, and in 


83 parts, an increafe of capacity as 4; whence — 
it appears that the fum of the capacities of 
the principles into which dry oak is refolved © 


by that procefs, is greatly increafed. The 
fame reafoning will apply to the changes in 


the capacities of the elements derived from 


the 
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the combuftion of other fpecies of wood, as 
well as of pit-coal. 

Hence we may conclude, in general, that 
the comparative heats of bodies, fuppofed to 
contain phlogifton, are increafed by the pro- 
cefles of calcination and of combuftion. 

It follows, that when an inflammable body 
is deprived of its power of fupporting flame, 
by the procefs of combuftion, it abforbs a 
quantity of abfolute heat, and when, by a 
contrary procefs, it again recovers its inflam- 
mability, an equal quantity of heat is detach- 
ed. ‘Thecalx of copper, for example, con- 
- tains nearly twice as much abfolute heat.as 
copper. When, therefore, by expofing it to 
the action of fire, in contaét with inflam- 
amiable fubftances, the calx is revived, it will 
lofe one half of its abfolute heat; and, ‘on 
the contrary, when the copper is again cal- 
cined, the calx will recover the heat which it 
had formerly loft. 

From the foregoing obfervations and ex- 
periments it appears, that the capacities of 
bodies are diminifhed by their union with in- 
flammable air, and increafed by its fepara- 

tion. Pure air, for example, by its union 
with that principle, is converted into water, 
fi | x and 


Upon ANIMAL Heat, &c. 305 
: 
) 
: 


306  ExPeRIMENTS AND OBSERVATIONS - 


and therefore its capacity for heat is diminifh- 
ed. The experiments of Mr. Kirwan prove 
that the capacity of the vitriolic acid is alfo — 
diminifhed by phlogiftication, and it is well — 
known that this effect 1s produced by its — 
union with inflammable air, or with fub- j 
{tances containing that principle. It has — 
moreover been fhown, that by the peculiar 
combination of the heavy inflammable air 
with earth, and with water, in vegetables, 
and in pit-coal, the capacity of the com- 
pound for heat is diminifhed. 

Hence we may conclude, in general, that 
bodies have their capacities for heat leflened 
by their union with inflammable air, and that — 
when this principle is again detached, the — 
elements, into which the body 1s refolved, 
‘have their capacities for heat intcreafed; from 
which it follows, that in the former inftance — 
a quantity of heat will be feparated from the 
body, and in the latter an equal quantity 
abforbed. In this point of view the fepara-_ 
tion of heat from a body, by means of the 
- inflammable principle, and the re-abforption 
of it, when that principle is again difengaged, 
feems to be analogous to the feparation of 
fixed air from earths and alkalis by means of 


an 
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an acid ; andthe re-union of thefe fubftances 
with this fluid when the acid 1s feparated: if 
the vitriolic acid for inftance be added to a 
mild alkali, the fixed air will be extricated, 
} and will fly off in the form of an elaftic 
vapour; if the inflammable principle be added 
to pure air, a portion of the abfolute heat 
will be feparated, and will fly off in the form 
of fenfible heat ; when the acid is again fepa- 
rated from the alkali, the latter recovers the 
fixed air which it. had loft, and when the 
inflammable principle is again difengaged 
from the pure air, the air re-abforbs the heat 
which had formerly efcaped from it. 


PROPOSTTYON IV. 


_ When an animal is placed in a warm me- 
dium, the colour of the venous blood ap- 
proaches more nearly to that of the arterial, 
than when it is placed in a cold medium; _ 
the quantity of refpirable air which it phlo- 
: gifticates, in a given time, in the former in- 
 ftance, is lefs than that which it phlogifti- 
cates, during an equal {pace of time, in the 
P iatter ; and the quantity of heat produced, 
when a given portion of pure air is altered by 

nm 2 the 
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the refpiration of an animal, is nearly equal — 
to that which is produced when the fame — 
quantity of air is altered by the burning of 
wax or charcoal. a 

That the difference between the colour of 
the venous and arterial blood, in a living — 
animal, is diminifhed by expofure to heat, — 
and increafed by cold, appears from the fol- 
lowing experiments. 


EXPERIMENT I, 


A dog, at 102, was immerfed in water at 
114; fo much of his head being uncovered. 
as to allow him a free refpiration. 

In 5 minutes the dog was 108, water 112 _ 


6 dog 109, water 112 

FI dog 108, water II. 25 
the refpiration having become very rapid. 

13 dog —- 108, water B12, 


the refpiration being fiill more rapid. 


In half an hour the dog was 109, water — 
B12, Sa 


The animal was then in a very languid 
{tate. 
Small quantities of blood being drawn” 
from an artery, and from a contiguous vein, 
mi the 
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the venous blood was found to have under- 
gone a remarkable change of colour. For 
in the natural ftate, the colour of the venous 
blood is a dark modena red; and that of the 
arteria] a light fcarlet. But after the animal, 
in the experiment in queftion, had been im- 
merfed in warm water for half an hour, the 
venous blood affumed very nearly the hue of 
the arterial, and refembled it fo much in ap- 
pearance, that it was difficult to diftinguifh 
between them. ul 
It is proper to obferve that the animal, 
which was the fubject of this experiment, 
had been previoufly weakened by lofing a 
- confiderable quantity of blood a few days 
before. When the experiment was repeated 
with dogs, wigch had not fuffered a fimilar 
evacuation, the change in the colour of the 
venous blood-was more gradual ; but in every 
-inftance in which the trial was made, and it 
was repeated fix times, the alteration was fo 
_ remarkable, that the blood which was taken in 
the warm bath, could readily be diftinguith- 
ed from that which had been taken from the 
fame vein before immerfion, by thofe who 
were uxstacquainted with the circumftances or 
motives of the experiment. 
: a3 To 
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To difcover whether a fimilar change would * 


be produced in the colour of the venous blood 
in hot air, a dog, at 102, was placed in air 


at 134. In 10 minutes the temperature of ~ 


the dog was 1043, that of the air being 130. 


In 15 minutes dog 106, air 130. A {mall 


quantity of blood was then taken from the 


jugular vein, the colour of which was fenfi- 
bly altered, being much lighter than in the 
natural {tate. 

I next endeavoured to afcertain the effect 
produced upon the colour of the venous 


) 
‘ 
| 


. bee! ‘ 
aa Tl i a ll. 


blood, in a living animal, by expofure to ay 


cold. To detertnine this, a dog, at 100, 
was immerfed in water at 45. In about a 


quarter of an hour a few ounces of blood 
were taken from the jugular vein, which was — 


evidently much deeper in its colour than that — 


which had been taken in the warm bath, and 


appeared to me, as well as to feveral other — 
Gentlemen who affifted in the experiment, 
to be the darkeft venous blood we had ever ~ 


feen. 


From the foregoing experiments we may 


conclude, that when an animal is placed ina 
cold medium, the venous blood affumes a 


3% 


~ much 


r, 
-was furrounded with water at 55:. It was 
fuffered to remain in this fituation 42 mi- 
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much darker hue than when it is placed in a 
warm medium. 

‘Thefe experiments feem to confirm the 
following opinion, which was firft fuggefted 
by my very ingenious friend Mr. Wilfon, of 
Glafgow. Admitting that the fenfible heat 
of animals depends upon the feparation of 
abfolute heat from the blood, by means of 
its union with the phlogiftic principle in the 
minute vefiels, may there not be a certain 
temperature at which that fluid is no longer 
capable of combining with phlogifton, and at 
which it muft of courfe ceafe to give off 
heat ? 

The following experiments prove that the 
air expired from the lungs of an animal, is 


more phlogifticated in a cold than in a warm 


medium, 


EXPERIMENT II, 


-. The air in the room being at the tempera- 


ture of 61, a fmall Guinea pig was placed 
on a ftand in an inverted glafs jar that con- 


tained nearly five pints of common air, and 


x 4 nutes,_ 
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nutes, when it difcovered figns of great un-) a 
eafinefs: being removed from the jar, it fell — 
into conyulfions, but foon recovered. ‘Fhe 
air in the jar was then tried by mixing twa a 

meafures of it with one of nitrous air, and | 
the meafures of the teft were found to be 
273 nearly ; which fhowed that it wasa- | 
bout ; as pure as common air. | 


EXPERIMENT IIT. 


A Guinea pig of nearly the fame fize being 
placed i in the fame jar, containing common 
air as before, and furrounded with water at 
104, expired 1 In 42 minutes nearly. 

The air in the jar being then tried by | 
L ysmMixing two meafures of it with one of | 
nitrous alr, the teft was a little more than 
2. 5, or it was nearly half as pure as com- 
mon air. The phlogiftication of the air, 1 
the firft experiment, was, therefore, twice 
as great asin the fecond. _ 

Hence it appears, that the degree of purity 
in the alr, neceilary to the fupport of life, ig 
greater when an animal ° 1S placed 1 in a warm 
than i in a cold medium; for in the fecond 
experiment the animal farvived, _ though the 


purity 
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purity of the air was diminifhed three« 
fourths. In the laft, 1t was only diminifhed 


one half, and yet the animal expired. 
It may likewife be proper to remark, that 


the fymptoms of uneafinefs difcavered in the 
former experiment were much greater than 


ja the latter. The eye in particular, in the 


one cafe, feemed to be much fwoln, and be- 


came dim and languid; in the other, it re- 


tained its brightneds to the laft. 


As it might be fufperted that the fuperis 10 


purity of the air, in the latter experiment, 
did not arife from its having been refpired at 
q higher temperature, but from fome latent 


difference in the animals, the trials were re- 
peated as follows, 


: EXPERIMENT IV. 
A fmall Guinea pig was placed in an in- 
yerted jar, containing nearly five pints of 
common air, which was furrounded with | 
water at 46. Bs The animal was fuffered to 
yemain in this fituation 36 minutes, during 
which time it did not difcover figns of much 
uneafinefs. The air in the Jar being then 
a Re ep ti; ee examined 
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examined by means of nitrous air, the teft 


was found to be 2.5, or it was one half as 


pure as common air. 


EXPERIMENT V. 


On the enfuing day the fame Guinea pig, 
apparently in perfect health, was placed in 
the fame jar furrounded with water at 102. 
It was removed at the end of 36 minutes 


without appearing to have received any in- 


jury. The air which remained in the jar 
being then examined by nitrous air, the teft 
was found to be 2.2, er it was nearly 3 as 
pure as common air. 


4 peal 
site nak ate ea ais an 


As it might be imagined that, in thefe — 


trials, a fallacy arofe from the expofure of 


the animal, in the firft inftance, to cold, | 


and in the fecond to hot air, the experi- 
ments were reverfed as follows. 


ExPERIMENT VI, 


A {mall Guinea pig was placed in the fame 
jar that was ufed in the former-experiments. 
The jar was filled with common. air as be- 
fore, and furrounded with water at 102. 

The 
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The Guinea pig being removed at the end of 
326 minutes, and the air in the jar being 


examined by nitrous air, the teft was 2.3 
nearly. 


ExpPERIMENT VII, 


The fame animal, on the enfuing day, ap- 
pearing to be in perfect health, was fuffered 
to remain 36 minutes in the fame jar, con- 
taining alfo common air, and furrounded 
with water at 52. The air being then exa- 
mined as before, the teft was 2.5. 

From thefe experiments it appears, that 
when an animal is placed in a cold medium 
the quantity of air which it phlogifticates, 
in a given time, is greater than when it is 
_ placed in a warm medium, 

The following apparatus was contrived: 
with a view to determine the quantities of 
heat produced, when given quantities of air 
were altered by the burning of combuftible 
bodies, and by the refpiration of animals. 
See plate IV. fig. 1. 

AC reprefents a triple veffel made of tin- 
ned iron, and confifting of an exterior veflel 
ABCD, 16 inches wide, and 19.4 deep; a 
| middle 
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middle veflel ef gh, 11! wide, and 134 deep; 
and an interior veffel abcd, 9: wide, and — 
10! deep. | 
The middle veffel is fupported by a cir- © 
cular plate of iron, at the diftance of 2.75 | 
inches from the bottom of the exterior vef- 


fel; and the diftance of the cylindrical fur- ~ 


face of the exterior, from that of the middle 
veffel, 1s.alfo 2.75 inches. The fpace be- 
tween thefe veffels is ftuffed with fine down. 

‘The interior veffel is fupported by the 
pipes bf, 7g, at the diftance of .875 of an 
inch from the bottom of the middle veffel, 
and this is likewife the diftance of the cylin- 
drical furfaces of the vef{cls from each other. 

The {pace included between thefe veffels is 
occafionaily filled with water. 

In the upper furface of the interior veffel 
there 1s an aperture five inches wide. To 
this aperture is foldered a flat ring of brafs 
kl, which is covered by a plate of the fame 
metal, the furface of the latter being adyuft- 
ed to that of the former, with fuch accuracy, 
that, when they are {crewed together; a piece 
of leather being interpofed between them, 
they become air tight, | 
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In the centre of the brafs plate there is a 
circular cavity an inch anda half wide, in 
which a thin plate of glafs is cemented. By 
means of this glafs the light of an inflamed 
body, placed in the centre of the apparatus, 
becomes viftble, and the focus of a lens may 
be occafionally directed through it into the 
interior vefiel. A 

It was before obferved that the interior 
-veficl refts upon the pipes} 7g. Thefe 
open into it at the points 4 andz. The lat- 
ter being bent upward, extends along the in- 
terior furface of the middle veffel, and when 
jt has arrived at the point 7, it 1s again bent 
at right angles, and terminates at m. ‘To 
this extremity is fcrewed the crooked pipe 
_V Z, which is fixed by cement to the in- 
verted jar EF, the latter being fupported in 
the tub GH by the crofs bar YO. The 
communication between the jar E F and the 
interior veflel may be occafionally interrupt- 
ed by the ftop cock V. 

The pipe 4 f extends along the oppotite 
- fide of the middle veffel as far as the point e, 
- where it is alfo bent at right angles, and 
_ terminates at f, ina conical brafs pipe, which 
-enters into a fimilar pipe at the extremity of 
the 
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the crooked tube RU. Thefe pipes are 
ground together with fuch accuracy as to be 


air tight. They are clofely applied to each’ 


other by means of a fcrew. 
The extremity R, of the crooked tube 
UR, is cemented into the neck of the in- 


verted jar IK, which 1s placed in the tub 


‘ 
j : 
PE ey erie ee IN rol NN I of 


LM; anda fecond crooked tube S T paffes — 
from the neck of the fame jar into the tub — 


P Q, where it terminates under the inverted © 


jar NO. 


When an experiment is to be made with — 


this apparatus, water is introduced into the 
tub GH tillit rifes a little above the crofs 


bar Y O, on which the inverted jar E F refts. — 
The fubject of the experiment is introduced — 
into the interior veffel 2c, and the aperture ~ 
kf is covered by the brafs plate, which is ; 
{crewed down in fuch a manner as to be air 
tight. The fpace included between the mid-_ 
dle and interior veffels is filled with water, : 
and the upper furface. of the exterior veffel is _ 


clofely covered with a thick cufhion, ftutied i 


with fine down. 


The inverted jar IK, and the tub LM, : 


are filled with water, and likewife the tub~ 
PQ, and the inverted jar NO. The cock” 
I U being 
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U ase fhut, and V open, the diminution, 
which is produced in the air by the animal,. 
or by the burning body, is meafured by the 
rifing of the water in the jar EF. 

The quantity of heat produced is deter- 
mined by the increafe of temperature in the 
water that furrounds the interior veflel; and 
the efcape of the heat from that fluid is pre- 
vented by the down with which it is en- 
compafled. 

The purity of the air in the interior veffel 
is examined as follows: The cocks V and T 
are fhut, and U opened. A part of the 
‘water is removed from the tub LM, in 
confequence of which the water in the jar 
IK defcends by its gravity; and in defcend- 
ing it draws a portion of air from the in- 
terior veflel ac. The cock U is then fhuf, 
and T opened, and the water being returned 
into the veffel L M, the air 1s forced by its 
preffure from the jar IK into the jar N O, 
whence it is introduced into the eudiometer. 
- With this apparatus I made the following 
experiments. 
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ExPERIMENT VIII. 


The barometer being 39-4, and the air int F 
the room 67.5, a quantity of water weigh- ~ 
ing 31 pounds, feven ounces Troy, was taken 
at the temperature of 67.65; the fpace in- _ 
cluded between the interior and middle vef- — 
fels was filled with a portion of this water to ' 
fuch a height, that the upper furface.of the — 
fluid was nearly ona level with the mouth of — 
the interior vefiel. A {mall wax taper, which. | 
had been accurately weighed, was then light- 
ed, and inftantly placed in the centre of this — 
veflel; the mouth of which was now covered — 
with the brafs plate, and the remaining part 
of the water was introductd. ‘The furface — 
of the latter rofe nearly one inch above © 
the interior veflel. The mouth of the ex- 
terior veflel was covered with a cufhion of — 
down. e 

- Before this experiment was made the jars bs 
EF and IK had been feparated from the | 
veffel"A C, and,the nozle of a pair of bel- — 
lows had been fixed by means of a {crew to | 
the extremity of the pipe zm. Frefh air was i 
thus introduced into the interior veffel, and 

thei? 
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the Vitiated air efcaped through the pipe 2 f- 
By this contrivance the taper was kept in a 
{tate of inflammation for half an hour, when 
the experiment was difcontinued. 

The water, in the courfe of the experi~ 
‘ment, was, at fhort intervals, gently agitated 
by a wooden rod for the purpofe of render- 
ing the difufion of the heat uniform; and 
the temperature of the air in the room was 
augmented nearly in the fame degree with 
that of the water. ‘The heat of the water 
was meafured by a thermometer, that had 
each degree of Farhenheit’s fcale divided into 

ten equal parts. 

At the end of the ee the ther- 
mometer, in the water, ftood at 69.75, the 
‘air in the room being 69.5. nearly. The 
lofs of weight in the wax taper was 26 
grains. 

Thus it appears, that by the combuftion 
of 26 grains of wax, the temperature of 31 
“pounds feven ounces of water was raifed 2.1 
degrees. 

To difcover how much air was altered: by 
‘the combutftion of this quantity of wax,, I 

made the following experiment.’ 
y | E x- 


“it; and it was found that the wick could 
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EXPERIMENT IX. 


A large tub was filled with lime water, — 
A piece of cork, which had a portion of the 7 


fame wax taper that was ufed in the foregoing 


upper extremity of the taper, being of fuch 


‘a breadth as to furround one half of the 


wick. A fmaller number of flips than four 
did not furnifh a fufficient heat to kindle | 


mot readily be inflamed unlefs a part of its 
furface were expofed totheair. The flips were | 


‘made very dry by prefiing them with a ho | 


iron. They weighed a little iefs than a graine 

‘Over this taper a large cylindrical glafs | 
weffel was <inverted, - which had-a -feale *6 
-equal parts -afixed ‘to.it. » A’ tube of 


experiment fixed in its centre, was made to 7 
{wim on the furface of this water. Four 
narrow flips of thin paper, applied to each — 
other by their flat furfaces, were tied to the i 


confiderable length, that was nearly -bent® 


-double, had-one of its extremities intr a ZI 


Tinto the infide of this veflel, the other 


tremity rifing above the furface of the water i 
on. the outfide. The veflel was now oreed 1a 
= * into j 


| 


i 
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into the water, and the greater part of the | 
air which it contained efcaped through the 
tube, which was then withdrawn, and pure 
Mephlogitticated air introduced in fuch quan- 
_ tity, that the furface of the water, in the 
~ infide of the j jar, ftood at the height of three 
inches from its inverted mouth. 

For the purpofe of determining the height 
of the water with greater exactnefs, the jar 
was removed from the tub, and was placed 

upon a table in a fhallow vefiel, the depth 
of which was little more than three inches ; 
by this means the eye could be. brought near- 
Vy to the fame level with the point which was 
to be obferved, and the furface of the water 
was rendered diftinct by the reflection of the 
light from the bottom of the veffel. When 
this obfervation was made, one candle was 
‘placed behind the jar, and another before it; 
by the latter, the divifions of the fcale were 
illuminated, and by the former, the light was 
thrown upon the furface of the water. 
_ Itis proper to obferve, that when the point 
at which the water ftood was marked, the 
‘fluid, which furrounded the outfide of the 
‘jar, was raifed to the fame height with that 
in the unfide, in confequence of which the 
Y¥-2 air 


224 EXPERIMENTS AND OBSERVATIONS 


air in the jar had the fame denfity with the. 
external air; and the jar was kept in an 
horizontal pofition by means of a /pirit level. 
The point at which the water ftood in the ~ 
jar being thus accurately determined, the — 
taper was then inflamed by throwing the 
focus of a lens upon the flips of paper that 
were fixed to its upper extremity, and was 
allowed to burn until the air in the jar was 
fo far vitiated, as to be no longer capable of 
fupporting the inflammation. It was now 
removed from the jar by making it to pais 
under the furface of the water, and having 
been carefully dried, it was weighed, when it 
was found to have loft eleven grains. The — 
air in the jar was then introduced into large — 
bottles, which were half filled with lime — 
water, and being agitated until the fixed air 
was ablorbed, the refiduum was returned in- — 
to the jar, which was placed in a veffel near- _ 
ly three inches deeper than that formerly 7 
ufed, and the furrounding water being : | 
brought to a level with that in the jar, the |! 
internal furface ftood at 5.75 inches. The ~ 
diminution of the air was, therefore, fuch 
as*to raife the water from 20 5°75, OF 2.75 : 
inches. The quantity of water which occu- 


pied 
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pied one inch in this jar was 15 ounces Troy. 
Hence the quantity of pure air, altered by the 
combuftion of eleven grains of wax, was 41.25 
“ounce meafures, or 78.2 cubic inches; and 
confequently, the quantity of air changed by 
the combuftion of 26 grains of wax, was 97.5 
ounce meafures, or 184.84 cubic inches. 
When this experiment was made the thermo- 
meter, which meafured the heat of the air 
in the room, was at . 70 

The barometer at - 30.4. 

It is of importance that the portions of 
wax employed in thefe experiments, fhould 
refemble each other as nearly as poffible in 
their purity; and, therefore, parts of the fame 
taper were ufed in both experiments. When 
the trials were repeated with different tapers, 
- a variation was obferved in the refults: thus 
I found that when a {pecies of wax, fome- 
what purer than that employed in the fore- 
going experiments, was inflamed in the above 
defcribed apparatus, and was fuffered to burn 
until the water was raifed 2.15 degrees, the 
lofs of weight in the wax was only 22.5 
grains. 

6.75 grains of this wax being burned in 


hee air, the diminution of the 
2 latte 


* 


' 22.5 grains. : 


ee 
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latter was nearly 30 ounce meafures Troy, 
which gives 100.7 ounce meafures for the — 
quantity of air altered by the combuftion of. he 


a a ir od : , a 
ExPERIMENT X. | 3 


To determine the quantity of heat pro- . 
duced by an animal, a Guinea pig was in- 
troduced into the centre of the interior veffel 
deferibed above, which was furrounded by 
31 pounds feven ounces Troy of water, at 
the temperature of aa 62 * . 
In half an hour the water being 

brought by agitation to an 

uniform heat, its temperas | 

ture was ~ - 62.25 


In an hour it was _ 62.6 
In‘an hour and a half c O27 5 | 
In two hours ee Fr Z 63. , 


The heat of the air in the room at the 
beginning of the experiment was 62; and 
its temperature was augmented nearly in the 
fame degree with that of the water. } 

Hence the heat imparted to the water by 7 
the anirnal in two hours was 10 degrees by 
| nt pet. gOligay 


. 


ime 
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my thermometer, or one degree by Far- 
henheit’s. | 


_.The quantity “< aur altered by the refpira- 
hon of the animal, in that time, was deter- 


mined ; as follows. * 


EXPERIMENT XI. 
Part I. (fee plate 4, fig. Oe 


The fame Gaibas pig was sasienaa into 
the glafs jar AB, which-was inftantly in- 
verted over water in the tub CD, and was 
made to reft upon the crofs bar- E F, the 
animal being fupported. by the ftand G Hz 
One extremity J, -of the crooked tube. 
KLMNO, was made to pafs through the 


crofs bar E F into the jar A B, where it rofe 


a little way above the furface of the water-: 
the other extremity P terminated under the 
mouth of the inverted jar Q R, which was 
filled with water, and was fupported by a 
crofs bar in the tub ST. As foon as the 
jar AB, containing the animal, was inverted 
over the water, a. greater quantity of that 
fluid was introduced into the tub, by the 


| preffure of which a part of the air was forced 
from the jar through the cr ooked tube, and 


‘Y 4. was 


a 


ie 


a 
ee 


328 EXPERIMENTS AND OBSERVATIONS 


was received in the veffel QR. | The animal 
was fuffered to remain in the jar 35 minutes ; 
it was then removed by making it to pafs 
under the furface of the water. 

The air in the jar AB was agitated in 
large bottles with lime water until the fixed 
air was abfurbed, and likewife that which 
had been, received in the veflel QR. The 
whole was then returned into the vefiel A B, 
and the height of the water being determined 
with the precautions mentioned above, it was 
found to ftand at 3.312 inches. When this 
experiment was made the air in the room 
was ~ - - 62.5, 

‘The barometer - + 30. 

In the experiment formerly alice that 
was made with a view to determine the 
quantity of air altered by the combuftion of 
wax, the thermometer was at Soi 
the barometer at 30.4. 

The variation in the heights a3 the baro- 
meter, in thefe experiments, was therefore 
#, of an inch. Hence, if the tem perature 
of the air in both inftances had been the 
fame, the denfities would have been as 76 to 
7s; and confequently the bulk of the air in 
Experiments VIII. and IX. in order to re- 

duce 
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duce it to the fame denfity with the air in 
the Xth Experiment, muft have been in- 
ereafed =; of the whole, or 1.3 ounce mea- 
fures. But the temperatures varied from 
each other by 7.5 degrees. Suppofing the air 
to be expanded 3+ of its bulk by one degree 
of heat, it follows, that if the heights of the 
barometer had been the fame, the denfities 
would have been as 64 to 65 nearly; or the 
bulk of the air in the preceding trials, in 
order to reduce it to: the fame denfity with 
the air in the laft experiment, muft have been 
diminifhed by <; of the whole, or 1.4 ounce 
meafures. It was before fhown that it muft 
be increafed 1.3 ounce meafures on account 
of the difference in the heights of the baro- 
meter. If, therefore, in thofe experiments 
the barometer had ftood-at 30, and the ther- 
mometer at 62.5; the bulk of the air changed 
by the combuition would have been 97:5 + 
1.3=— 1-4, OF 97.4 ounce meafures. 


he? 1h eee Ad. Vari, 


The en. pig being introduced ; into the 
fame jar, the latte: was inverted over water ; 
a part « of the air was forced trom it as betore ; 

| the 
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the animal was immediately removed by 
making it to pafs under the furface of the | 
water; and the air that was cxpelled was | 
again returned into the jar, when it was 
found that the water in the jar ftood at 2.187 ¥ 
anches. Hence the diminution of the air by t 
the refpiration of the animal during 35 mi ¥ 
nutes, was fuch as to raife the water in the 7 
jar from 2.187 to é 31% inches, or 1.125 | 
inches. a) ey 

As the quantity of water which ‘occupied 4 
the fpace. of one inch in this jar was r5 © 
ounces Troy, it follows that, in the experi- 
ment in queftion,.the air was diminifhed ~ 
16.875 ounce meafures. Troy, and confe- ¥ 
quently the quantity of pure air, altered by © 
the refpiration of the animal, in two hours, © 
was 67.8 ounce meafures Troy, or 109-5 % 
cubic inches. | i? —s 
-. When I firft ida i ex pelinend I in- 7 
troduced the animal into the inverted jar, by 7 
making it to pafs under the furface of the © 
water; but the refult, in thefe circumftances, ~ 
was liable to a confiderable degree of inac- 
a For when the animal is dry it alters — 

a fmaller quantity of air in a given time than 
: he itis wet. - In the jaceer inftance cold q 
is § 
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is produced by the evaporation from the fur- 
face of the animal, and by the experiments 
recited in page 312, it is proved that when 
an animal is placed in a cold medium, it 
phlogifticates a greater quantity of air, ina 
given time, than when it is placed in a warm 
‘Thedium. tt : 
-I therefore found it necefflary firit to in-. 
troduce-the animal into the jar, oe then, as. 
fpecdily as poffible, to invert the latter over 
water, the*animal being fupported by the 
ftand as-defcribed above. 
- When the experiment is made in this way, 
a A ied ind cob acy arifes from the rarefaction 
of the air, by the heat which the animal com- 
municates, during the fhort interval that 
élapfes, between its introduction into the jar, 
and the inverfion of the latter over water ; 
but this inaccuracy was corrected by Experi- 
ment IV. part 2. For when the Guinea pig 
was removed, in that-experiment, the afcen- 
fion of the water in the jar meafured not - 
only the fpace which the animal had occupied, 
ut alfo the air that was expelled by the heat 
which it communicated. 
It has been proved that the lag of 
seam air, altered by the refpiration of the 
i | animal, 
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animal, in two hours was 57.8 ounce meaw 
fures Troy, and that the quantity of heat — 
imparted to the water during the fame period © 
of time was one degree. i 

Hence it follows, that if an increafe hadi 
been produced in the temperature of the water, 
amounting to 2.1 degrees, the quantity of ; 
air changed would have been 121 ounce 
meafures. It was before fhown, that when 
an equal quantity of heat was produced by — 
the burning of a wax taper, the quantity of 
air altered was nearly 190 ounce meafures. 

A feries of experiments, fimilar to thofe 
now recited, have been made by Mefits. 
Lavoifier and De la Place with a different 
apparatus. See Memoire fur La Chaluir, 
Lt a l’Académie Royale des Sciences, le 28 
Juin, 1783. 

According to the experiments related i in 
this Memoire, when equal portions of air — 
were altered by a Guinea pig, and by the d 
combuftion of charcoal, the quantitv of heat _ 
excited in the former inftance was to that in 
the latter as 13 to 10.3 nearly. It is proper q 
to obferve that, in thofe experiments, the 
quantity of air altered by the refpiration of — 
the animal was meafured, by placing it in 

air 
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air which had nearly the temperature of 60; 
“and when the heat which it produced was 
_ determined, it was placed in a medium which 
had the temperature of 32 or 33. Now it 
has been proved, that when an animal is 
furrounded by a medium at a low tempera- 
ture, it phlogifticates a greater quantity of 
‘air, in a given time, than when it is fur- 
rounded by warm medium. Hence we may 
conclude, that the quantity of air phlogifti- 
cated by the animal, in Mr. Lavoifier’s ap- 
paratus for meafuring heat, was greater than 
that which has been determined by his cal- 
culation. This caufe of inaccuracy was fuf- 
pected by the Authors of the Memoire. 

I have repeated Mr. Lavoifier’s experi- 
ments with charcoal, and have obtained the 
following refults. 


EXPERIMEN®? XH. 


An oblong piece of charcoal was taken 
which weighed 73.8 grains. It was formed 
? in fuch a manner that one of its extremities 
_ fhould taper until it nearly terminated in a 
point. The dir having been expelled from 
it by expofure to heat, its conical extremity 

| ae. x was 


4 i 
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a sw Hate: upon wth it was ‘wiftanlg othod a | 
fn the centre of the apparatus employed for | 
meafuring heat. ‘Thus fituated, it was kept | 
gn-a ftate of inflammation by a current o 4 
“frefh air, which was introduced into the in-= 4 
terior veflel by means of the bellows an ni : 
pipe deferibed above. 4 
The interior veflel was (aeveunitee is} 31 1b. 

7 ounces Troy of water, which, at the ‘be- 
ginning of the. experiment, had the tempera-_ 
ture of 62. 7: 

“The air-in the room was’ 62: ee el 
“end of 22 minutes, the water being reduced — 
by agitation to-a uniform ‘heat, its -tempera- sl 
ture was 6.9. The air in the rodbm 66 ~ 
2 nearly. Be . bh? hia 
The charcoal after ote combuftion weighed © 

17.8 grains. The lofs of eg SM was, there- © 

fore, 56 grains. § 


ExprRIMENT XII, 

Air in the reom 2 en Sir See 
Barometer: -  - i ed 36a 
~The upper furface’ of a circular piece ‘of - 
<a fimilar -to that mentioned in Experi- © 
a8 ment { 
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ment IX, was covered with a thin plate of 
tinned iron, to which two fmall perpendi- 
cular plates of the fame metal were fixed at 
a little diftance from the centre. Between 
thefe plates an oblong piece of charcoal, 
weighing gi.1 grains, was placed ; the diame- 
~ ter of the latter, compared with the diftance 
of the plates from each other, being fuch, 
that when it was {lipped in between them, it 


- was retained in its proper ate by their 
-elafticity. | 


The charcoal thus connected i the cork 
was made to fwim on the furface of lime 
water; and the jar, which was ufed in the 
former.experiments, was inverted over it, 
the common air being expelled, and dephlo- 
gifticated air introduced in the manner de- 
4cribed in Experiment IX. Be 

The height of the water in the jar, deter- 
‘mined with the precautions mentioned above, 
was found to be 3.125 inches. The char- 
‘coal was then fet on fire by a lens, and was 
-fuffered to burn until it was extinguifhed 
in confequence of the contamination of the 

air; after which the charcoal was removed 
by making it to pafs under the furface of the 
ee and was perfectly dried, when it was 
3 found 
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found to have loft 14 grains. The air that 


remained in the jar was introduced into large — 
bottles, and was agitated with lime water ; 


and being again returned into the fame jar, 


the water in the latter was found to ftand at — 
5-75 inches. The diminution of the air was, 


therefore, 39.375 ounce meafures Troy, or 
74.65 cubic inches. With a view to avoid 
the inaccuracy which might arife from a dif- 
ference in the qualities of different kinds of 
charcoal, portions of the fame piece were 
ufed in both thefe experiments. 

The laft trial was repeated with the fol- 
lowing refult. 


EXPERIMENT XIV. 


Air in the room = - 61 
Barometer ~ - ~ 29.6 
A piece of charcoal, which, when very 


d 


eae ee ee ae 


hot, weighed one dram and 273 grains, was 
made to {wim upon lime water. The jar 


being inverted over it as before, and a quan- 
tity of dephlogifticated air introduced, the 
water was found to ftand at 3.064 inches. 
The charcoal was now fet on fire by a lens, 
and was fuffered to burn till the air was fo 

much 
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much vitiated as to be incapable of fupport- 
ing the inflammation. 

The refiduum of the coal was then re- 
moved by making it to pafs under the furface 
of the water. Being accurately dried and 
made very hot, it was again weighed, when 
it was found to have loft 12: grains. 

The air which remained in the jar was 
agitated as before with lime-water, and was 
returned into the jar, when the water in the 
Jatter ftood at 5.625 inches. 

Hence it appears, that after the agitation 
with lime-water, the volume of the air in 
the jar was reduced 2.561 inches. The quan- 
tity of pure air that was altered was, there- 
fore, 38.4 ounce meafures troy, or 72.4 cubic | 
inches. | 

To determine with certainty whether any — 
fixed air was mixed with the air that re- 
mained in the jar, a portion of the latter, at 
the end of the experiment, was agitated with 
lime-water, when it was found that no pre- 
cipitation took place. 

Reducing the air to the fame denfity in 
the two preceding experiments, and taking 
the mean refult, we have 41.29 ounce mea- 


fures, ‘or 76-2" cubic inches for the quantity 
Z . of 
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of pure air altered by the combuftion of a 


14 grains of charcoal, and hence 107.8 cubic 
inches would be altered by the combuftion of 
18 grains. i 
According to Mr. Lavonfier’s experiments, 
128.38 French cubic inches were altered by 


the combuftion of an equal quantity of that 


fubstance ; the barometer ftanding at 28 inches, 
and the thermometer at 54.5. If the baro- 
meter had f{tood at 30, which was nearly its 
mean height in the above experiments, and 
the thermometer at 61; 121.34 French, or 
138.32 Englifh cubic inches would have been 
altered. There is, therefore, a difference of 
30.5 cubic inches between the refults of the 


foregoing trials, and thofe of Meflrs. Lavoifier . 


and Dela Place. 


- 


r iT - s. S : ‘i 
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‘ 
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It is poflible that this variation may have — 


partly arifen from a difference in the qualities 
of the portions of charcoal that were em- 
ployed. The coal which I ufed was charred. 
oak. 7 
From Experiments XIII. and XIV. we 
learn, that 41.29 ounce meafures of pure air 


were altered by the combuftion of 14 grains 


of charcoal. Confequently, by the combuf- 
tion of 56 grains, 165.16 ounce meafures 
ae | Sal 
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will be altered. And from Experiment XII. 
we learn, that the quantity of heat commu- 
nicated by the burning of 56 grains of char- 
coal, to 311b. 702. of water, was 3.2 de- 
grees. Whence it follows, that, in order to 
the communication of 2.1 degrees of heat, 
it would be neceffary that 108.3 ounce mea- 
fures of pure air, fhould be altered by the 
combutftion of charcoal. And we have feen, 
that an equal quantity of heat was commu- 
nicated to the water, when roo ounce mea- 
fures of pure air were altered by the burning 
Of wax. 

It is proper to obferve, that when the 
wax taper was burned in the above defcribed 
apparatus, with a view to determine the heat 
which it produced, aconfiderable quantity of 
aqueous vapour was condenfed on the inner 
furface of the interior veflel. But no vapour 
appeared when the experiment was made 
with charcoal. It is therefore probable that, 
in the former inftance, a part of the pure air 
was converted into water ; and that in the lat- 
ter, it was principally, if not entirely, changed 
into fixed air. This conclufion is, I think, 
confirmed by the following experiments. 


JL EXPERI- 
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EXPERIMENT XY. 

Air in the room a rare 67 
Barometer - ~ - 29.5 
The jar being inverted as before, over a wax 
taper, which was made to {wim on the furface 
of pure water, a quantity of dephlogifticated 
air was introduced, when the water in the 

jar was found to ftand at 3.312 inches. 


The taper was now kindled, and fuffered 


to burn till it was extinguifhed in confe- 
quence of the deficiency of pure air, and the 
jar being fpeedily cooled to the temperature 
of the ambient medium, the water, previ- 


oufly to the abforption of the fixed air, was 


found to ftand at 4.187 inches. After the 


fixed air was abforbed by agitating it with 


lime-water, and the remaining air was re- 
turned into the jar, the water in the latter 
ftood at 6 inches. | 

‘The diminution of the air, therefore, by 


the combuftion of the wax, previoufly to the 


abforption of the fixed air, was to the entire 


diminution, after the fixed air was abforbed, 


as .875 to 2.688, or as 1 to 3.07. 


ExPERIMENT XVI 
Air in the room a aia 3) See 
Barometer - ~ - 29-6 


aileng eg Had — 
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A piece of charcoal was made to fwim on 
lime-water; the jar was inverted over it; and 
a quantity of dephlogifticated air was intro- 
duced, by which the water in the jar was 
deprefied until it f{tood at 3.064 inches. The 
charcoal was now {et on fire by a lens, and 
was fuffered to burn till 1t was extinguifhed 
‘in confequence of the contamination of the 
air. | 

The air in the jar being brought to the 
temperature of the furrounding atmofphere, 
the water was found to ftand at 3.439 inches. 
The fixed air was then abforbed by agitating 
it, in bottles, with lime-water ; and the re- 
maining air being returned into the jar, the 
water in the latter ftood at 5.625 inches. 

Hence the diminution of the air by the 
combuttion of the charcoal, previoufly to the . 
abforption of the fixed air, was to the entire 
diminution, as .365 to 2.561, or as 1 to 
7.01 nearly. 

As I was apprehenfive, that in the laft ex- 
‘periment, the air in the jar had not been 
completely cooled to the temperature of the 
ambient medium, it was repeated 7 the 
following refult. 


Ze EXPERI- 
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ExPERIMENT XVII. 


Air in the room - ~ 62 

Barometer - - 29.9 
The jar being inverted over a piece of char- 
coal, which was made to fwim on the furface 
of lime-water, and dephlogifticated air being 
introduced as before, the water was found 
to ftand at 3.562 inches. 

The charcoal was then kindled, and fuffered — 
to burn till the pure air was vitiated, and 
the jar was cooled to the temperature of the 
furrounding air, by pouring cold water over — 
it. Wath a view to fatisfy myfelf that it had — 
acguired the exact temperature of the fur- — 
rounding ai, I fwffered it to remain in a 
{tate of reft during the fpace of 2} hours; 7 
the alr in the room retaining very nearly the ' 
fame temperature that it had at the begin- ~ 
ning of the experiment. The water in othe 
jar was now found to ftand at 3.875 inches, — 
After the fixed air was abforbed, it ftood at — 
5-75 inches, B 

The diminution of the air in this experi- — 
ment, previoufly to the abforption of the 


‘ fixed 
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fixed air, was to the entire diminution, as 
313 to 2.188, or nearly as 1 to6.99. In 
the foregoing experiment, it was as 1 to 
7.01. And taking the mean refult, it will 
‘be as 1 to 7 very nearly”. , : 

‘It was before fhewn, that the dimmution 
which was produced in the volume of the - 
pure air, by the combuftion. of wax, was to 


* The mean refult of the foregoing experiments, gives 
67.3 cubic inches for the volume of the pure air changed 
__ by the combuttion of the charcoal, and 57.7 for the volume 
of the fixed air which was produced in that procefs. The 
mean height of the barometer was 29.55 inches; and the 
mean temperature was 61.5. If the barometer had ftood 
at 28, and the thermometer at 54.5, the volumes would 
have been 70.26 and 59.68. Suppofing that when the 
barometer is at 28, and the thermometer at 54.5, a cubic 
inch of pure air weighs .32105 of a grain, Troy, and a 
cubic inch of fixed air .47489 of a grain; the weight of 
70.26 cubic inches of the former will be 22.55 grains, . 
and that of 509.68 of the latter, 28.34. It is manifeft 
that the excefs of the weight of the fixed, above that of. 
~ the pure air, muft have arifen from its being combined 
with a principle furnifhed by the charcoal; and confe- 
quently, the quantity of the inflammable principle con- 
tained in fixed air will be nearly <th of the whole. 
According to Mr. Lavoifier’s experiment, it is only 5th 
of the whole. -As thefe proportions vary from each other 
very much, I repeated my experiments with great care, 
but I could not find the refults to be materially different 
“from thofe which have been ftated above. 
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the entire diminution after the fixed air was 
abforbed, as 1 to 3 nearly. 

_. From thefe experiments, compared with 
the obfervations recited in page 339, it fol- 
lows, that when pure air is phlogifticated by 
the burning of wax, it is partly converted 


into aqueous vapour, and partly into fixed 


aur; and that when it 1s phlogifticated by the 
burning of charcoal, it is entirely converted 
into the latter fluid. 

As the vapour which is the refult of the 
former procefs is fuddenly condenfed, the air 
that remains in the jar, previoutly to the ab- 


forption of the fixed air, fuffers a much — 


greater diminution of bulk, than it does in 
thofe cafes in which no aqueous vapour is 
produced, , 

I have found that the combuftion of tallow 
and oil, as well as that of wax, is accom- 
panied with the production of aqueous va- 
pour. That a quantity of water is produced 
by the combuftion of oil, is alfo proved by 
the experiments of Mr. De Luc. 

From thefe facts it feems extremely pro- 
bable, that oil, wax and tallow, and moft 
other inflammable fubftances, contain two 
kinds of inflammable: air, one of which 

refembles 
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refembles the light inflammable air of métals, 
and the other, the heavy inflammable air ob- 
tained from vegetables by expofure to heat In 
clofe veffels... The firft, by its union with 
-pure air, produces water ; and the laft, fixed 
air; and hence fixed air and water are the 
refult of the combuftion of wax and oil. 
When thofe fubftances are reduced to a coal, 
by expofure to heat in clofe veffels, it {eems 
probable that the light inflammable air, com- 
bined with the volatile parts, efcapes, and 
that the heavy inflammable air is retained ; 
and, confequently, fixed air alone is produced 
by the combuftion of charcoal. 

_ Having found that the pure air which is 
_altered by the burning of wax, oil, and tallow, . 
is partly converted into water, and partly into 
fixed air, I next endeavoured to determine 
whether a fimilar change 1s produced by the 
refpiration of an animal. 


ExpPpERIMENT XVIII. 


Air in the room = zm 67 
_ Barometer - - - 30 
A Guinea pig was introduced into a glafs jar, 
containing ee acme air, which was 
inverted 
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inverted over water, the mouth of the jar — 
being clofed with a cork to prevent the 
abforption of the fixed air. The animal was 
fuffered to remain in this fituation a little 
more than an hour, when the cork was re-— 
moved, and the water permitted to enter. — 
The latter now occupied the fpace of 16 
cubic inches in the jar. The Guinea pig — 
was then withdrawn by making it to pals 
under the fwrface of the water, and the point — 
at which the water ftood in the jar was 
accurately determined. The experiment be-— 
ing difcontinued for a time, the height of © 
the water was again obferved at the end of © 
eight hours, when it was found to have re- 
mained nearly ftationary ; ; from which it.ap- 
pears that fixed air is very flowly abforbed by | 
water when they are both in a ftate of reft. 

The air being now agitated with lime 
water, the refiduum was returned into the 
jar; and by the afcenfion of the water it was _ 
found that. 40.86 cubic inches of fixed air _ 
were abforbed. 

It was before fhown that the diminution 
of the air produced by the refpiration.of the 
animal alone, was 16 cubic inches. It now 
appears that the diminution produced by the 

abforption 
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abforption of the fixed air was 40.86 cubic 
inches; the entire diminution, therefore, or 
the quantity of air altered, was 56.86 cubic 
inches, or 18.9 grains. . 

Hence it follows that part of the pure air, 
changed in the above experiment, was con- 
verted into water; for by the experiment 
with charcoal it is proved that, if the pure 
air had been entirely converted into fixed air, 
the diminution which it would have fuffered, 
previoufly to the agitation with the lime water, 
would not have been more than the + of the 
whole; but, in the experiment in queftion, 
it was nearly zs of the whole. A part of 
the air, therefore, in the latter inftance, mutt 
have been converted into aqueous vapour, 
which was condenfed upon the internal fur- 
face of the jar. It moreover appears, from 
the trials with charcoal, that if the pure air 
had been entirely converted into fixed air, the 
weight of the latter would have been / greater 
than that of the former; but in the lait 
mentioned experiment, the weight of the pure 
air altered by the refpiration of the animal, 
was nearly equal to that of the fixed air 
which was produced by this procefs; for the 
weight of the pure air was 18.9 grains, and 
that 
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that of the fixed air 20.1 grains. Of the | 
latter quantity + confifted of pure air, and ig 
of heavy inflammable air; that is the quand 
tity of pure air, changed into fixed air, was” ; 
16.08 grains ; but the entire quantity of pure a 
air, altered during the procefs, was 18.9” 
grains. It follows that 2.82 grains of this — 
fluid were changed into water, and 16.08 
grains into fixed air. : 
From the XVIth Experiment it is mani- — 
feft, that fixed air confifts of pure air, and of — 
a principle furnifhed by inflammable fub- 
ftances, agreeably to the opinion of Dr. Black, — 
Mr. Kirwan, and Mr. Lavoifier. For the ~ 
quantity of fixed air produced, in that experl- 
ment, was 28.34 grains, (fee note, p. 343) the ' 
quantity of pure air altered by the procefs q 
was 22.55 grains, and the quantity. of char- — 
coal confumed was 12.5 grains. ‘4 
Hence it is not poffible that the fixed air. — 
could have been folely derived from the char- 
coal, or from the pure air, becaufe its weight 
exceeded that of either of thofe fubftances; — 
and that 1t could not have been derived from 
the water, appears from the refult of fimilar 
experiments which have been made over 
mercury. : 


Since, 
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_ Since, therefore, during the combuftion of 
eharcoal, a quantity of fixed air is produced, 
greater than the entire quantity, either of coal 
or of pure air that difappear, we cannot, I 
think, avoid concluding, that the fixed air is 
formed by an union between the pure air, 
and a pesnerls furnifhed by the char- 
coal. | 
It moreover appears from Experiments 
VII. and IX. that when wax is burned in 
pure air, more than the one half of it enters 
into the compofition of the fixed air and aque- 
ous vapour, which are produced during that 
procefs. For the volume of the pure air, al- 
‘tered in Experiment VIII. was 184.84 cubic 
Inches; the barometer ftanding at 30.4, and 
‘the thermometer at 70. If the former had 
ftood at 28, and the latter at 54.5, the 
: volume would have been 194.44 cubic inches, 
-or 62.4 grains. The bulk of the pure air, 
previoufly to the abforption of the fixed air, 
‘was diminifhed one third in confequence of 
the combuftion of the wax *. The quantity 
of fixed air produced was, therefore, 129.6 
cubic inches, or 61.5 grains. 
We have feen that when pyre air is con- 
verted into fixed air, its bulk is diminifh- 
* See Experiment XV. 


ed 
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ed + of the whole; therefore the volume of — 
the pure air contained in the above-mentioned _ 
129.6 cubic inches of fixed air, muft have | 
been 148.2 cubic inches ; fubtracting hid 
from 194.4, we have 46.2 cubic inches, of 
14.8 grains, for the quantity of pure air which ° 
was converted into water. The fixed air 
contained + of its weight of inflammable 
matter, and the water nearly +; and hence the - 
quantity of inflammable matter, which en-— 
tered into the compofition of the fixed air 
and water, was 14.78 grains. From which 
it appears that wax confifts principally of 
heavy and of light inflammable air, in a folid © 
ftate, fince the greater part of it is combined — 
with the pure air which is altered during its 


rr” 


combuftion. 

The following table exhibits the quantities © 
of heat communicated to 31 pounds feven 
ounces Troy of water, by the combuftion of 
different fubftances in the apparatus defcribed 
above *, 


* The thermometer employed for meafuring the heat ! 
exprefled in this, and in the fubfequent table, had the 
degrees of Farhenheit’s feale fubdivided into decimals ; 
and, confequently, each degree correfponds with the ~, of 
a-degreeof Farheriheit. 


Degrees 
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Degrees. 
The heat imparted by the combuftion 
of half a dram of wax was ~ 24.2 
By the combuftion of half a dram of 
tallow -. = 24. 
By the combuftion of half adram of — 
the beft lamp oil £2, he 28% 
By the combuftion of half a dram of 
charcoal ~ ~ 17.1 


When equal quantities. of pure au were 
altered by the combuftion of wax and char- 
coal, and by the refpiration of an animal, 
the quantities of heat communicated to 31 
pounds feven ounces of water were as fol- 
tows. 

Degrees. 
{by the combui- 

tion of wax, 

imparted at 
by the combuf- 

4 tion of char- 
coal ~ 19.3 
by the refpira- 
tion of a 
tl Guinea pig Lp 

GF goats the foregoing experiments it ap- 
“pears that the quantities: of air altered being 
equal, 


100 ounce meafures 
_ of pure air, altered 
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equal, more heat is produced by the com- — 
buftion of wax than by that of charcoal, 
and more by the combuftion of charcoal than | 
by the refpiration of an animal. Thefe dif-_ 
ferences probably arife from the following — 
caufes: in the firft inftance, a confiderable 
part of the air is converted inte water, and © 


more heat is produced by the converfion of 
pure air into that fluid than into fixed air. 
In the laft inftance, a part of the heat is car- 
ried off by the infenfible perfpiration. 

The refults, however, approach fo nearly 


to each other as to prove that the heat, in. 


thefe procefles, arifes principally, if not en- 
tirely, from the converfion of pure air into 
fixed air, or into water. 


Upon the whole we have fufficient evidence — 
for concluding, that when an animal is © 
placed in a warm medium, the colour of the © 
venous blood approaches more nearly to that — 


of the arterial than when it is placed ina 


cold medium ; that the quantity of refpirable — 
air, which the animal phlogifticates in a 7 


given time, in the former inftance, is lefs than 


that which it phlogifticates, during an equal — 
fpace of time, in the latter; and that the 


quantity of heat produced, when a given 
| portion 
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portion of pure air is altered by the refpira- 

tion of an animal, is nearly equal to that 
which is produced, when the fame quantity 
of air is altered by the combuftion of wax or 


charcoal, 


Aa ee og OF 
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From the faéts which have been eftablifhed 
by the above experiments, the following ex- 
planation may be given of animal heat, and 
of the heat which is produced by the infamy 
mation of combuftible bodies. 


1. Of Animal Heat. 


It has been proved, that the air which is 
received into the lungs of animals, contains — 
more abfolute heat than that which is ex-. 7 
haled in expiration. It has been fhown, — 
particularly, that nearly + of the pure air 
which is altered by the procefs of refpiration, — 
is converted into aqueous vapour, and the re- 
maining < into fixed air; that whena given. 
quantity of pure air is changed into fixed air, % 
in phlogiftic procefles, the weight of the lat-7 
ter exceeds that of the former by + of. the® 
whole; and that, when the quantities of 
matter am thefe fluids are equal, the compara 4 
tive quantities of heat are as 4 to 1; from 
which 1t appears, that the quantity of matter” 
in the fixed air being to that in the pure air 
“as 5 to A. the quantity of heat in the latter , 
will 
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will be to that in the former as 3 to 1 nearly ; 


and it has been proved, that this is likewife the 


ratio of the heat of pure air to that of 
aqueous vapour. , 

Since, therefore, the fixed air and aqueous 
vapour, which are exhaled by expiration, 
are found to contain only the 3 part of the 


heat which was contained in the purer portion 


of the atmofpherical air, previoufly to in- 
{piration, it follows that the latter muft 
necefiarily give off a confiderable proportion 


of its abfolute heat in the lungs. 


It has moreover been fhown, that the com- 


parative heat of florid arterial blood is to that 
of venous as 112 to 10; and hence, as the 


blood which is returned by the pulmonary 
vein to the heart, has the quantity of its 


-abfolute heat increafed, it is evident that it 


muft have acquired this heat in its paffage 
through the lungs. We may conclude, 


therefore, that, in the procefs of refpiration, 


a quantity of abfolute heat is feparated from 


the air, and abforbed by the blood. 


The truth of this conclufion will perhaps 


appear in a clearer light from the following 


calculation, by which we may form an 
_eftimate of the quantity of heat yielded by 
era 2 the 


Se 
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the purer part of atmofpherical air, when it } 
is converted into fixed air, and aqueous © 
vapour; and alfo of that which is abforbed © 


during the converfion of venous into arterial | 
blood. | rhe 

We have feen, that the comparative heat 
of pure air is to that of the fixed air and 
aqueous vapour, into which it is changed in 


the lungs, as 3 to 1. The fame heat, there- | 
fore, which raifes the pure air one degree, 


will raife the’ fixed air and aquéous vapour. 


three degrees; and, confequently, the fame — 


heat which raifes pure air, any given number 


of degrees, will raife the fixed air and aqueous | ) 
vapour the fame number of degrees multi= | 


plied by three. as 


It has been proved that pure air, when at 


the common temperature of the cofholl 


= isso degrees of heat. Hence if a _ 


ertaln quantity of pure air, not in contact 
with any body that would immediately carry 
off the heat, fhould fuddehly be converted — 
into fixed air and aqueous vapour, the heat © 
whith was contained in the former would 


raife the latter 1550 degrees multiplied by — 


three, or 46 5° degrees ;- and the temperature 
of red hot iron being 1050, it follows that © 


the 


o> 
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the quantity of heat, which is yielded by 
pure air, when it is converted into fixed air 
and aqueous vapour, is fuch (if it were not 
diffipated) as would raife the air and vapour, 
fo changed, to more than four times the 
excefs of the heat of red hot iron above the 
common temperature of the atmofphere. 

If, therefore, the abfolute heat which is 
difengaged from the air in refpiration, were 
not abforbed by the blood, a very great 
degree of fenfible heat would be produced in 
the lungs, : 

Again, it has been proved, that the fame 
heat which raifes venous blood 115 degrees, 
will raife arterial only 100 degrees; and, 
‘confequently, the fame heat, which raifes 
venous a any given number of degrees, 
will raife afterial, a lefs number, in the 
proportion of 106 to 115, or of 20 to 23; 
but we know that venous blood contains at 
teaft 1580 degrees of heat. Hence, if a cer- 
tain quantity of venous blood, not in con- 
tact with any body that would immediately 
‘fupply it with heat, fhould fuddenly be con- 
‘verted into arterial, the heat which was con- 
‘tained in the former would raife the latter 
fanly 23 of 1580 degrees, or 1373 degrees ; 
a Fae a and 
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and confequently, the fenfible heat would fuf-— 
fer a diminution equal to the difference be- — 
tween 1580 and 1373, or nearly 200 de- © 
grees. But the common temperature of 
blood is 96; when, therefore, venous blood 
is converted into arterial in the lungs, if it) 
were not fupplied by the air, with a quan-” 
tity of heat proportionable to the change 
which it undergoes, its fenfible heat would ~ 
be diminifhed zoo degrees, or it would fall ~ 
from 96 to 104 below the zero of Farhen- 7 
heit’s fcale. 4 
That animal heat depends upon the fepara- 4 
tion of elementary fire from the air in the 
lungs, is moreover fupported by the experi- 
ments which have been brought in proof of | 
the third and fourth Propofitions. ‘ 
For from the experiments which have been” 
adduced in proof of the third Propofition, 
it appears, that when bodies are united with 
the inflammable principle, they part with a 
portion of their elementary fire; and that_ 
when this principle is again dileneaeed) they 7 
re-abforb an equal portion of fire from. the” 
furrounding bodies. It moreover appears, 
from the experiments which have been ad- 
‘duced in fupport of the fourth Propofition, 
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compared with the difcoveries of Dr. Prieft- 
ley and Mr. Cavendifh, that when pure air 
is combined with the inflammable principle, 
in the ftate of light inflammable air, it is 
changed into aqueous vapour; that when it 
is combined with this principle in the {tate of 
_heavy inflammable air, it is. converted into 
fixed air; that wax, oil, and tallow confift 
chiefly of heavy and of light inflammable 
aw in a folid ftate; that when pure air is 
altered by the combuition of thefe fubftances, 
fixed air and aqueous vapour are produced, 
and that the fame products are obtained when 
that fluid is altered by the refpiration of an 
animal. Hence it clearly follows, that, in 
the refpiration of animals, as well as in the 
combuftion of wax, oil, and tallow, ‘the pure 
air is altered in its properties by its combina- 
‘tion with the inflammable principle; and 
fince we know that the union of thefe 
elements is univerfally accompanied with the 
extrication of heat, and particularly that, by 
this union, a large quantity of elementary 
fire is difengaged from the air in the com- 
buftion of oleaginous fubftances, we: may 
conclude that, in the procefs of refpiration, 
. a fimilar extrication of fire takes place. In 
Aad this 


¢ 
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this conclufion we are confirmed by the re- 7 
fults of Experiments VIII. IX. X. and XI. — 
Prop. IV. from which it appears, that when — 
equal quantities of air are changed by the — 
refpiration of an animal, and by the com- 7 
buftion of a wax taper, the quantities of — 


fenfible heat produced are nearly equal. . 


Again, it is proved by Experiments I. and — 


II. Prop. Il. p. 273, compared with the 
obfervations in page 84, that the change 
which the blood undergoes, during its circula- 
tion through the lungs, is fimilar to that 
which folid bodies undergo when they are 
melted: that is, the capacities are in both 
inftances increafed ; and fince we know that, 
when folids are melted, a quantity of heat is 


abforbed, we may conclude that when venous - 
blood is changed into arterial, a fimilar @ 


abforption takes place. 


Sen the laft place, it is evinced by Experi- i 
ments I. Il. UI, IV. V. VI. and VII. Props @ 
{V. that when an animal is placed in a cold @ 
medium, the venous blood acquires a deeper j 


hue, and that a greater quantity of air is 
altered by the procefs of re{piration in a 
given time, than when it is placed in a warm 
medium, ‘Now it has been proved by the 

‘* : very 
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“very ingenious experiments of Dr. Prieftley, 
that the livid colour of the blood in the 
veins, depends upon its union with the in- 


flammable principle; from which it follows, 
that the blood is more deeply impregnated 


with this principle, that it furnifhes a more 


copious fupply of it to the air in the lungs; 


that more air is phlogifticated in a given 


‘time; and that a greater quantity of elemen- 


tary fire is abforbed, in proportion as the 
animal is furrounded by a medium which has 
a lower temperature. 

‘Hence it appears, that the quantity of heat 
which is feparated from the air, and abforbed 
by the blood, is, in all cafes, proportioned 
to the neceflity. Since, therefore, it has been 
proved that elementary fire is abforbed from 
the air in the procefs of refpiration, and fince 
the quantity that 1s thus abforbed 1s not only 
adequate to the effect which we have been 
endeavouring to explain, but alfo propor- 
tional to it, we may fafely conclude that it is 


‘the true caufe of animal heat. 


From the foregoing experiments and ob- 
fervations it follows, that animal heat depends 
upon a procefs refembling a chemical elective 


attraction, The pure air is received into the 


0 lungs 


a 
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lungs containing a great quantity of elemen- ~ 
tary fire; the blood is returned from the ex- q 
tremities impregnated with the inflammable © 
principle; the attraCtion of pure air to the 
latter principle is greater than that of the — 
blood. This principle will therefore leave — 
the blood to combine with the air; by this a 
combination the air is obliged to depofit a i 
part of its elementary fire; and as the capa- 4 
city of the blood is at the fame moment in- © 
creafed, it will inftantly abforb that portion — 
of fire which had been detached from the 
air. ‘The arterial blood, in its paflage through — 
the capillary veflels, is again impregnated with 
the inflammable principle, in confequence of i 
which its capacity for heat is diminifhed, as — 
appears from the experiments which have ~ 
been recited in proof of the fecond Propofi- % 
tion. It will, therefore, in the courfe of the © 
circulation, gradually give out the heat which ~ 
it had received in the lungs, and diffufe it i 
over the whole, fyftem. Thus it appears r 
that, in re{piration, the blood is continually t 
_difcharging the inflammable principle, and — 
abforbing heat; and that in the courfe of the 
circulation, it is continually imbibing this 
principle, and emutting heat. N 
I. houshi " 
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_.'Though I have endeavoured to fhow that 
the procefs by which heat is feparated from 
the air, and abforbed by the blood in the | 
lungs of animals, is analogous to a chemical 
elective attraction, yet I do not mean to 
affert that elementary fire is really capable 
of being chemically combined with bodies ; 
much lefs do L affirm, as fome have fuppoled, 
that it is by means of a double elective at- 
traction, that heat is difengaged from the air 
in the procefs of refpiration. Before this 
can be admitted, it muft be proved that heat 
is a fubftance; and I do not know that any 
experiments have hitherto been publifhed 
which demonftrate the materiality of that 
principle. Indeed this opinion is not at all 
efiential to the truth of the conclufions con- 
tained in the preceding pages; for thefe con- 
clufions have been deduced from faéts efta- 
blifhed by experiment, and which I think 
muft be admitted, whatever be the hypothefis 
which we adopt concerning the nature of 
Theat... 

Thus, whether we confider the fenfible 
heat of bodies as depending upon a peculiar 
fluid, or whether we confider it as an effect 
produced by a force inherent in bodies, which 

| has 
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has by fome been called the igneous force, 
or whether we confider co/d-as arifing from _ 
the action of an inherent force, and Aeet as 
depending upon the diminution of this force; — 
ftill, the general properties, of heat recited in 
the foregoing pages muft, I think, be admitted, — 
becaufe they are deduced from experiment; 
and from the teftimony of fenfe. It muft, for — 
example, be granted, that the quantity of the 
element. of fire, or of the igneous force in 
bodies may be increafed or diminifhed by 
their communication with neighbouring 
bodies, which have a different temperature ; 
that unequal quantities of fire are required - 
m order to produce the fame degree of fenfi- 
ble heat in equal weights of heterogenous 
bodies; and that a change of form in the 
fame body will produce a variation in the 
quantity of fire which ts neceffary to raife it 
to a given temperature, It is upon thefe 
general properties, and not upon any hypo- 
thefis refpecting the nature of heat, that the 
explanation which has been now given of 
animal heat is founded. By means of thofe— 
properties the comparative quantities of that 
principle contained in variaus bodies, and 


persue): in refpirable air, and in the — 
blood 
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blood of animals, have been eftimated; and 
if it be admitted as a certain truth, that a 
diminution is produced in the quantity of heat 
contained in the air, and an encreafe in that 
contained in the blood, by the procefs of re- 
‘fpiration, it will not, I apprehend, be denied 
that, in this procefs, heat is continually 
paffing from the air to the blood. 

It may be proper to add, that, as the 
blood by its impregnation with the inflamma- 
ble principle, has its capacity for heat dimi-_ 
nifhed, fo, on the contrary, thofe parts of the 

-fyftem, from which it receives this principle, 
will have their capacity for heat mecreafed, 
- and will confequently abforb heat. 

Now if the changes in the capacities, and 
the quantities of matter changed in a given 
time, were fuch that the whole of the elemen- 
tary fire feparated from the air were abforb- 
ed, it is manifeft that no part of the heat 
which is received in the lungs would become 
fenfible in the courfe of the circulation. 
That this, however, is not the cafe, wil! 
I think be evident from the followmg comm 
derations. 

We know that fen Gib heat is produced by 
the circulation of the blood; and we have 

proved 
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proved by experiment, that a quantity of 
elementary fire is communicated to that Avid 
in thelungs, and is again difengaged from it _ 
in its progrefs through the fyftem. if i 
therefore, the whole of the fire, which is — 
feparated from the blood, were abforbed by = 
thofe parts of the fyftem from which it re- 
ceives the inflammable principle, it would | : 
_ be neceffary to have recourfe to fome other — : 
caufe, to account for the fenfible heat which 
is produced in the circulation. But by the 
rules of philofophifing, we are to admit no i 
more caufes of matural things, than fuch as 
are both true and fufficient to explain ee: i 
appearances *. Q 
That a part of the fire which 1s feparated — 
from the blood, in the courfe of the circula- 4 
tion, becomes redundant, 1s moreover fup- a 
ported by avery extenfive analogy. For the ; | 
procefs by which the arterial blood is phlo- 7 
gifticated during its paflage through the mi- 77] 
nute veflels, is fimilar to that by which pure 
air is phlogifticated in the combuftion of © 
oleaginous fubftances. In the latter procefs, — 
the inflammable principle 1s feparated froma 
an earthy bafis, and combined with the air; 
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_ * Vide Newtoni Princip. Jib. iii, p, 202. 
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in the former, it is feparated from the putref- 
cent parts of the fyftem, and combined with 
the blood. In both cafes, the capacity of 
the body which parts with the inflammable 
principle is increafed, and that of the body 

which receives it is diminifhed ; and fince in 
the combuftion of oleaginous fubftances, the 

changes which take place in the capacity of 
the body which receives this principle, and 
of that which parts with it, bear fuch a pro- 
portion to.each other, that a quantity of heat 
becomes redundant, we may conclude, that in 
the circulation of the blood through the mi- 
nute vefiels, a fimilar effect is produced. 

It muft neverthelefs be granted, that thofe 
parts of the fyftem which communicate the 
inflammable principle to the blood, will have 
their capacity for containing heat increafed ; 
and, therefore, that a part of the fire which 
is feparated from the blood will be abforbed. 

To this caufe it is probably owing, that lefs 
heat is produced by an animal, than by the 
burning of a wax taper, the quantities of 
air confumed being equal; for it is likely, 
that the putrefcent juices, as foon as they 

‘have communicated the indammable prin- 
ciple to the blood, fly off 1 in the forrn of in- 
| fenfible 
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fenfible perfpiration, and carry along with 
them a part of the fire which is detached in — 
the courfe of the circulation. . a“ ‘ 
From the quantity of heat, however, whic a 
becomes fenfible in the animal body, “it is 
manifeft, that the portion of fire whichis — 
thus, abforbed, is not very confiderable. ; 
dt appears, therefore, that the blood, in q 
its progrefs through the fyftem, gives out — 
the elementary fire which it had received from _ 
the air in the lungs; a {mall portion of this 
fire is abforbed by thofe particles which im- — 
part the inflammable principle to the blood; — 
the reft becomes redundant, or 1s converted — 
into moving and fenfible heat. . 


Of the Inflammation of combuftible Bodies. 


From the above experiments we learn, that ~ 
_ atmofpherical air contains much elementary © 
fire or abfolute heat; that when it is converted 7 
into fixed air and aqueous vapour, the greater _ 
part of this heat is detached ; that the capacities © 
of bodies for containing heat are increafed by 3a 
the changes which they undergo in the pro- | 
cefs of combuftion. Hence we infer, that | 
the heat which is produced by combuftion, is | 
| derived © 
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detived from the air, and not fr om the inflai- ~ 
-mable body. 3 

For inflammable bodies contain little ab- 
folute heat,; atmofpherical air, on the con- 
‘trary; abounds with this principle. In the 
procefs of inflammation, the air is converted 
into fixed air and aqueous vapour, and at the 
fame time gives off a very great proportion 
of its abfolute heat, which, when extricated 
fuddenly, burfts forth into flame, and pro-. 
duces an intenfe degree of fenfible heat. We 
have found by calculation, that the heat 
which is produced by the converfion of at- 
mofpherical into fixedair, is fuch, if it weré 
not diffipated, as would be fufficient to raife 
the air, fo changed, to four times the ex- 
cefs of the heat of red hot iron above the 
‘common temperature of the atmofphere. 
It appears, therefore, that, in the procefs of 
‘inflammation; a very great quantity of heat 
is derived from the air. 

It is manifeft, on the contrary, that no 
part of the heat can be derived from the » 
combuftible body ; for the combuftible body, 
during the inflammation, undergoes a change 
Pilar to that which is produced in the blood 


by the procefs of refpiration, in confequence 
Bb | of 
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of which its capacity for containing heat is — 
increafed ; it therefore will not give off any 
part of its abfolute heat, but like the blood © 
in its paflage through the lungs, it will abforb: : 
heat. | 
The. calx of iron, for espantnled is found 
to contain more than twice as much abfolute 7 
heat, as the iron in its metallic form. From ~ 
which it follows that, in the procefs of in- 
flammation, the former muft neceflarily ab-— 
forb a quantity of heat, equal to the excefs of © 
its heat above that of the latter. } 
_Now whence does it receive this heat ? It 4 
cannot receive it from the iron; for the 
quantity of heat in the calx is more than 
double of that which was contained in the™ 
- jron, previoufly to the calcination. 3 
But in the inflammation of iron, the® 
atmofpherical air, with which it is in con-” 
tat, is altered in its properties, a very great” 
proportion of its abfolute heat is feparated, 
part of which is abforbed by the calx, and 
the reft appears in the form of flame, or 
becomes moving and fenfible heat. * 
We may conclude, therefore, that the 
-fenfible heat, which is excited in combul= 
3 tion 


a3 ee ase. 
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tion, depends upon the feparation of abfolute 
heat from the air. 

In confirmation of this conclufion, it may 
be proper to add, that (if we except the 
change that the air undergoes in the procefs 
of refpiration, in which the heat is abforb- 
ed,) the fudden converfion of the purer part 
of atmofpherical into fixed air, or into 
aqueous vapour, is invariably accompanied ~ 
with the production of fenfible heat. ‘Thus 
fenfible heat is produced when pure air is 
exploded with inflammable air, when it is 
diminifhed and rendered noxious by putre- 
faction, by the combuftion of oleaginous 
{ubftances, and by the electric fpark. If 
the quantity of air, which is changed by thefe 
procefies, in a given time, be very great, 
the change is attended with much light, 
with a vivid flame, and with intenfe heat; 
but if the alteration in the air be flow and 
gradual, the heat paffes off imperceptibly to 
to the furrounding bodies. 

It appears upon the whole, that atmofphe- 
-rical air contains in its compofition a great 
quantity of fire, or of abfolute heat. By the 
feparation of a portion of this fire in the 
lungs, it fupports the temperature of the 

Bba2 arterial 
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arterial blood, and thus communicates that 
pabulum vite, which is fo effential to the 
prefervation of the animal kingdom; and, — 
finally, by a fimilar procefs, it maintains 
thofe natural and artificial fires which are 
excited by the inflammation of combuftible 
bodies. ) 

- It has been {uppofed by fome Philofophers, 
and particularly by Mr. De Luc and Mr. 
-Lavoifier, that the heat which arifes from 
the iniiammation of combuftible bodies, does 
not depend upon a change of capacity in the 
air, but upon a chemical decompofition. 

Thefe Philofophers take it for granted that 
elementary fire is a fubftance. They divide 
it into two kinds, fixed and free fre. The 
latter is that portion of the element of fire 
which is known to exift, in all parts of 
nature, in a moving and fenfible ftate, and 
which is continually difpofed to flow from 
warmer into colder bodies ; and fixed fire is 

a portion of the fame element, which the 
various claffes of natural bodies are conceived 
to retain in a ftate of chemical union, accord- — 
ing to their -feveral attra€tions. The fire _ 
which is thus chemically combined with 


bodies, is fuppofed to lofe its diftinguithing 
properties, 
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properties. Agreeably to this it is conceived — 
that, during the combuftion of inflammable 
and dephlogifticated air, the fire which was 
chemically united to thefe fubftances, and 
was retained by them in a fixed and infenfi- 
ble ftate, is, in confequence of their union, 
extricated by a fuperior attraction, when it 
_ acquires the form of free and moveable fire. 
Whether the production of heat, in this 
procefs, arifes from a change of capacity, or 
from a chemical decompofition, can only be 
determined by an appeal to facts. — | 
Ido not know that any experiment has 
hitherto been made, which fhows that 
elementary fire can be chemically combined 
with bodies, in fuch a manner as to lofe its. 
 diftinguifhing properties. In order to efta- 
pblith this as a fact, it would be neceffary to 
prove that, when bodies produce: fenfible 
heat by a change of form, their capacities 
are either undiminfhed, or that the dimi- 
nutions of capacity, are not in proportion to 
_ the quantities of heat produced. Mefirs. 
-Lavoifier and De la Place have endeavoured to 
fhow that, in fome inftances, the quantities 
- of heat evolved, and the changes of capacity, 
do not correfpond with each other; but they 
B b 3 admit 
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admit that the apparent deviations from this 
law, were not greater than fuch as might have 
arifen from unavoidable errors in their ex- 
periments. I have made many experiments 
with a view to determine this queftion, and 
I have uniformly found that, when bodies 
produced heat in confequence of a change of ~ 
form, their capacities were diminifhed, and, 
on the contrary, that when they. produced 
cold, their capacities were increafed. But 
‘I have not yet been enabled to bring my 
experiments to fuch a degree of accuracy, as 
to determine, with certainty, whether the in- 
creafe and diminution of capacity were pre- 
cifely proportional to the quantities of heat 
and cold produced. - The refults, however, 
were by no means inconfiftant with that 
law, and did not deviate from it more 
than might naturally be expected, from the 
inaccuracies to which fuch experiments are - 
liable. It is poffible, as has been fuggefted — 
by. Mr. De Luc, that when a body fuffers 
an increafe of capacity, a quantity of elemen- | 
tary fire may be chemically combined with — 
it, and that when the capacity of the body is 
again diminifhed, the heat which is evolved 
may partly depend upon the diminution of 

its 
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its capacity, and partly upon a chemical 
decompofition. | : 

In order to determine whether any part 
of the heat which is abforbed by bodies, 
when their capacities are increafed, enters 
into a chemical union with them, a feries 
of accurate experiments fhould be inftituted, 
with a view to difcover the loweft degree of 
heat, according to the method which was 
firft propofed by Dr. Irvine, and which has 
been briefly ftated to the public by Mr. 
Magellan, and Mefirs. Lavoifier and De la 
Place. , 

If it be found that the ‘ante degree of 
heat, as determined by thefe experiments, is 
conftant, it will follow that heat does not, 
‘inany cafe, enter intoa chemical union with 
bodies ; and, confequently, that the fenfible 
heat and cold which they produce, when 
they-undergo a change of form, arife folely 
from an alteration of capacity; but if the 
loweft degree of heat be not conftant, we 
may infer that a part of the heat, which is 
abforbed by bodies, when their capacities 
are increafed, enters into a chemical union 
with them, and lofes its diftinguifhing pro- 
pertics. 

" Bh 4 This 
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_ This will be evident if we confider, that 
the determination of the loweft degree of 
heat, as calculated according to Dr. Irvin's” 
rule, depends upon the relation. which the 
diminution of the capacity bears to the ine 
creafe of the fenfible heat, or the reverfe, 
Thus, in the foregoing experiments with ’ 
pure andinflammable air, the diminution of q 
capacity was 6.07, and the increafe of the 
fenfible heat was nearly 1300 degrees, whence 
the loweft degree of heat was found to be 
1500 nearly ; pre if the increafe of the fen- — 
fible heat had been 2600 degrees, the dimi- © 
nution of capacity remaining the fame, the ~ 
loweft degree would have been nearly 3000, 
Hence it is manifeft that, if in /ome bodies, — 
the augmentations of temperature, which are. 
| onRea by an alteration of form, arife — 
partly from a diminution of capacity, and © 
partly from the extrication of a portion of © 
heat by a chemical decompofition, and if, 
in other bodies, the augmentations of tem-_ 
perature arife folely from a diminution of ” 
capacity ; the zero or lowett degree of heat, | 
as calculated from the alterations of tem-:. | 
perature and of capacity in thefe bodies, 
will vary: for, in the former inftance,.it will = 
SAAN om :. es appear @ 
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“appear to be farther removed from the com~ 
mon temperature of the atmofphere, than in 
thelatter. Itis, therefore, evident that the 
queftion refpecting the chemical combination 
of fire will be refolved, if aferies of accurate 
experiments be inftituted, in order to dif- 
cover the changes of capacity, which arife 
from alterations of form in different bodies, 
together with the quantities of heat and cold 
produced by thofealterations *. In the mean 
time we may obferve that the extrication of 
heat from bodies, when they pafs from the 
 flate of air or of vapour into a liquid, ora 

folid ftate, and the abforption of it when they 
| undergo a contrary change, have been proved 
by experiment, to depend partly upon an 
alteration of capacity. Itis, therefore, more 
agreeable to the fimplicity of nature to con~ 
clude that the phenomena arife folely from 
that caufe. | le 

In the courfe of the foregoing experiments 
it has been fhown, that given quantities of 
fire, or of abfolute heat, produce unequal 
alterations of temperature in equal weights 
of hetorogetieous bodies ; and that the quan- 


* The reader will hind this fabjedt m more fully difeulies 


in the appendix: 
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tities of heat required to produce a given 
alteration of temperature in the fame body, — 
while its form remains unchanged, is nearly ; 
wniform; from which it follows, that the — 
element of fire muft be varioufly diftributed — 
among the different clafles of natural bodies, — 
each body requiring more fire or abfolute © 
heat, to raife it from the point of total pri- . 
vation to the common temperature of the 
atmofphere, in proportion as its temperature 
is lefs augmented by the addition of a given 
quantity of that principle. 4 
Dr. Irvine has proved, that when bodies © 
undergo a change of form, their capacities — 
for heat are, in various inftances, increafed 
er diminifhed: in other words, when the 
form of a body is changed, a greater or lefs 
alteration will be produced in its tempera- 
ture, by a given quantity of fire or of abfo- 
lute heat, than would have been produced, ~ 
if the fame quantity of fire had been applied ~ 
to it, previoufly to the change of form; and — 
hence an alteration in the forms of bodies — 
muft neceflarily be accompanied with an 

extrication or abforption of heat. 
From the foregoing experiments it ap- — 
pears that, by the union of dephlogifticated 
as and 
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| d inflammable air, the capacities of thefe 
wids are greatly diminithed. Whence it 
eceflarily follows, that this procefs muft be 
ccompanied with the production of much 
enfible heat. For fince the fluids have their 
capacities diminifhed, at the moment of their 
inion, a greater increafe will be produced in 

heir temperature, by the application of a 

ziven quantity of fire, than would have been 
roduced, if the fame quantity of fire had 

been applied to them previoufly to their 
| nion; and confequently the fame quantity 
of fire which, previoufly to their union, was 
hifficient to raife them, from the point of 
total privation, to the common temperature 
of the atmofphere, will now be fuffcient to 
raife them to a much higher temperature. 
In like manner as if a cylindrical veffel, 
containing water, have its width fuddenly 
diminifhed, the water will necefiarily rife to 

a greater height in the veffel. 

_ In attempting, therefore, to account for 
the heat produced by the union of inflamma- 
ble and dephlogifticated air, we have dif- 
covered a caufe which is proved by experi- 
ment to exift, and which is found to operate 
in all other fimilar inftances, as far as our 


obfervations 
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obfervations extend. The heat produced by 
the procefs in queftion is, confequently, re- 
folved into a general law of nature; and this 
law feems to afford an adequate explanation 
of the phenomena, 

Since, therefore, the exiftence of a caufe, 
fufficient to account for the appearances, has 
been eftablifhed by experiment, it feems in-— 
confiftent with the fimplicity of the opera- 
tions of nature, to fuppofe that other caufes, 
for the exiftence of which there is no ex- 
perimental proof, concur in the production 
of the fame effects ; for nature does nothing 
in vain, © frufira fit per plura quod fiert 
poteft per paucwra *, 

Hence we may conclude, in general, that 
the evolution of heat from the air, in con- 
fequence of an alteration in its capacity, is 
the true caufe of animal heat, and of that 
which is produced by the inflammation of 
combuttible bodies. 

T thall next endeavour to fhow that this 
doétrine affords an eafy folution of the moft 
remarkable facts, relating to animal heat and 
combuftion. 


* Vide Newtoni Princip. lib. ili, p. 357. 
SEC- 
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of the ee rciahdoi Faéts relating to Animal 
Heat. 


1. The above doctrine explains the reafon 


why the breathing animals have a higher 
_ temperature than thofe who are not furnifhed 


with refpiratory organs; for it has been 


_ proved that the former are continually abforb- 


ing heat from the air: And, it is probable, 
that, to provide an apparatus for the abforb- 
_ tion of heat, was the chief purpofe of nature, 


a ae 


4 in giving to fo great a part of the animal 
creation, a pulmonary fyftem, and a double 
circulation. ‘ : 


We have fhown that animal heat, and the 


inflammation of combuftible bodies, depend 


upon the fame caufe, that is, upon the 


_ feparation of abfolute heat from the air, by 
- a change in its properties. 


The quantity of air changed by a man in 


a minute, is found, by experiment, to be 


equal to that which is altered by a candle, 
' in the fame {pace of time.. And hence aman 
_ is continually deriving as much heat from 


ee the 
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in the air by refpiration, and directly upon ¢ a 


furnifhed with lungs, can only be determined 
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the air, as is produced by the burning of a 
candle. q 

It is remarked by naturalifts, that the cold 
animals have alfo the power of keeping them: 
felves at a temperature, fomewhat higher 
than the furrounding medium. To accou r 
for this, we may obferve, that animal heat 
depends, indire@ly, upon a change produced 


change which the blood undergoes in thie 
courfe of the circulation. | 

The blood during its paflage through the 
capillary veffels, has its capacity for heat 
diminifhed, and by this diminution is obliged 
to give out a part of its abfolute heat. The 
fource from which it is again fupplied with 
heat, in fuch of the cold animals as are not 


by experiment. It is probable, that, im 
thofe animals, the aliment contains morfé 
abfolute heat than the blood. If this be the 
cafe, the blood will be fupplied with heat 
from the aliment. — 

2. From the interefting and decifive oval 
periments which were made in heated rooms, 
by Dr. Fordyce, it appears, that the animal 
body has, in certain fituations, the power 


a 


Or 


UPON ANIMAL Heat, ac, 333 
of producing cold, or of keeping itfelf at a 
lower temperature than the furrounding 
medium. 

This power has been attributed by fome 
philofophers to the evaporation from the 
furface of the body; and indeed it mutt be 
allowed, that the increafed evaporation will 
have a very confiderable influence in dimi- 
nifhing the heat; but the experiments. of 
Dr. Fordyce prove that the phenomenon 
does not arife folely from that caufe. For 
the doctor, remained in moift air, heated to 
130 during the fpace of 15 minutes, when 
the thermometer under his tongue ftood at 
100; and ftreams of moifture ran down over 
his whole body, proceeding from the con- 
denfation of vapour, as evidently appeared 
from a fimilar condenfation on the furface 
of a Florentine flafk ak had been filled with 
water at 100. 

He, moreover, found, in the courfe of 
his experiments, that a dog could live with- 
out much inconvenience for a confiderable 
time in air heated to 260, the body of the 
animal preferving very nearly its proper tem- 
| perature, being never raifed more than two 
_ degrees above the natural ftandard, 


From 
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From the former of thefe experiments it 
appears, that the animal body poffefies the 
power of producing cold, in a moift as well — 
asin adry air; and it is manifeft that, in — 
the latter experiment, the refrigeration was — 
much greater than that which would have 
been produced by an equal mafs of ins — 
animate matter, containing an equal quantity — 
of moifture. Whence it follows that, in — 
living animals, the faculty of generating — 
cold does not arife folely from evaporation: 

This conclufion is moreover confirmed by 
the experiments which follow: 

A living and dead frog equally moift, and 
of nearly the fame bulk, the former of which 
was at 67, the latter at 68, were laid upon 
flannel in air which had been raifed to 106. 

Two fenfible thermometers were placed in . . 
contact with the {kin of the animals under 7 
the axille, and the order of cooling was 


-obferved during 25 minutes. 


Minute. — Air. Dead Frog. Living Frog. | 
In. + 2 3 FOr 67: 
2 102 . 72 68 © 
3 IOG 72% 694 
A eg: BOO.) 72% 693 
25 95 O14 TBhch) F 
The 
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The thermometers being introduced into 
the ftomach, the internal heat was found to 
be the fame with that at the furface. 

Hence it appears, that the living frog 
acquired heat more flowly than the dead one. 
Its vital powers muft, therefore, have been 
-active in the generation of cold. 

To difcover whether the cold produced in 
this inftance, depended folely upon the evapo- 
ration from the furface increafed by the 
energy of the vital principle, a living and 
dead frog were taken at 75, and were im- 
merfed in water at 93, the living frog being 
placed in fuch a fituation as not to interrupt 


re{piration. 
Minute. Dead Frog. Living Frog. 
In 1 85 81 
2 88: 85 
3 gor 87 
5 Qli 89 
6 git 89 
8 git 89 


Since, therefore, living Frode have the 
faculty of producing cold in warm water, as 
well as in warm air; and fince the human 
body has the fame power in a moift as well 
as in adry air, we may conclude that this 

Ce power 
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power does not depend folely upon. evaPPr, 
tion. | 5 


I thall now endeavour, from, the preced- 
ing ‘facts, to explain what appear tome to 
be the true caufes of the cold produced by ~ 
animals, when placed in a medium, the 
temperature of which is. above the ftandard: 3 
of their natural heat. 

From the experiments on venous and 
arterial blood, and from the calculation in 
page 357, itappears, that the capacity of the 
blood for containing heat is fo much in- 
creafed in the lungs, that, if its temperature 
were not fupported by the heat which is 
feparated from the air in the procefs of re- 
fpiration, or from the parts adjacent, it 
would fink 200 degrees. Hence, if the — 
evaporation from the lungs be fo much — 
augmented as to carry off the whole of the © 
heat that is detached from the air, the arte- # 
rial blood, when it returns by the pulmonary : 
vein, will have its fenfible heat greatly dimi- — 
nifhed, and will confequently abforb. heat — 
from the veffels that are in conta with it, ~ 
and from the neighbouring parts. The heat | 
which is thus abforbed in the greater vefiels — 
will again be extricated in the capillaries, 

 whereg 
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here the blood receives a freth addition of 
the inflammable principle. If, in thefe cir- 
cumftances, the blood during each revolution 
were to be equally impregnated with this 
latter principle, it is manifeft that the whole 
effet of the above procefs would be to cool 
the. {yftem at the centre, and to convey the 
heat to that part of the body where it is 
eapable of being inftantly carried off by 
evaporation. 

- But it appears from Experiment VII. 
Prop. V. that when an animal is placed in a 
heated medium, the fanguineous mafs during 
each revolution is lefs impregnated with the 
inflammable principle; for the venous blood, 
in thefe circumftances, becomes gradually 
paler and paler in its colour, till at length 
it acquires nearly the appearance of the 
arterial; and it is proved, by the experi= 
ments of Dr. Prieftley, that the dark and 
livid colour of the blood in the veins, de- 
pends upon its combination with the in- 
flammable principle in the minute vefiels. 
Since; therefore, in a heated medium, this 
fluid does not affume the fame livid hue, we 
may conclude that it does not attraét an 
ae quantity of the phlogiftic principle ; 
Cc? and 
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and in this conclufion we are confirmed by 
Experiments I. II. II. IV. V. and VI, 
Prop. V. which prove that the quantity of 
air which an animal phlogifticates, in a 
given time, when it is placed in a warm 
medium, is lefs than that which it phlogifti- 
cates in an equal fpace of time when itis 
placed in a cold medium. 

It follows, from thefe facts, that the 
quantity of heat given off by the blood in 
the capillaries, will not be equal to that 
~ which it had abforbed in the greater veftlels, 
or pofitive cold will be produced. If the 
blcod, for example, in its paflage to the 
capillaries, abforb from the greater veffels a 
quantity of heat as 200, and if, in confe- 
quence of its receiving a lets impregnation 
of the phlogiftic principle than formerly, it 
give off at the extreme veffels a quantity of. 
heat only as 150, it is manifeft that upon 
the whole a degree of refrigeration will be 
produced as 50: and this caufe of refrigera- 
~ tion will continue to act, while the colour of 
the venous blood is gradually approaching to. 
that of the arterial, till its approximation 
becomes the neareft poffible in the circums 
{tances in which the animal is placed, after 


which 
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which it will ceafe to operate. Thus it ap- 
pears that, when animals are placed in a 
warm medium, the fame procefs which 
formerly fupplied them with heat, becomes 
for atime the inftrament of producing cold, 
and probably preferves them from fuch rapid 
alterations of temperature as might prove fatal 
to life. 


Upon the whole, the increafed evaporation 
from the furface, and the diminution of ‘that 
power by which the blood, in its natural 
iftate, is impregnated with the phlogiftic 
iprinciple, feem to be the great caufes on 
which the refrigeration depends. 
| By the firft of thefe caufes the animal is 
‘cooled at the furface, and by the fecond an 
accumulation of heat at the centre is 
obviated. 

Ee The power which animals poffefs of coole 
ing themfelves at the centre, when they are 
placed in a medium above the ftandard of 
itheir natural heat, feems to be peculiarly 
neceffary to the prefervation of life. For as 
'the heat which is received at the furface, in 
thofe circumftances, is fpeedily carried to- 
wards the internal parts by the reflux of the 
heated fluids ; if it were not abforbed and 
| Cc 3 rendered 


’ 
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rendered infenfible by the change which the 
blood undergoes in the lungs, the central 
heat would probably foon be increafed t 
fuch a degree as to deftroy the vital princip & 

3, We may hence perceive the reafon why 
animals preferve an equal temperature, not 
withflanding the great variations that tale 
place in the heat of the atmofphere, arifing 
from the viciffitudes of the weather, and i 
difference of feafon aid climate. | 
From the experiments which have bee 

| recited in proof of the fourth Propofitiad 
it appears that, in the procefs of re{piration 
the difference between the purity: of the 
inhaled and expired air is increafed by Ge 
pofing the animal to cold; and likewit 
that.the difference between the colour of th 
arterial and venous blood is augmented fed 
the fame caufe. But the quantity%of firey 
feparated from the air, muft neceffarily be in 
proportion to thefe differences. or as t 
extrication of heat from that element is pr . 
duced by. its phlogittication, it is manifeft 
that the more compleatly a given portion 04 
air is phlogifticated, the greater will be t 
quantity of heat detached fromit. The fan : 
eget will apply. to the phlogiftication « of th 
eye a € blood 
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blood. It follows, that as foon as, by expofure 
to cold, an unufual diffipation of the vital heat: 
is produced, the blood in the courfe of the 
circulation will begin to be more deeply im- 
-pregnatéed with the phlogiftic principle ; it 
will, therefore, ‘furnith a more copious fup- 
ply of that principle to the air in the lungs, 
and will imbibe a greater quantity of fire in 
return. Add to this, that by the tonic and 
ftiniulant powers of cold, the veffels on the 
_farface are’ conftricted, the infenfible per- 
{piration is diminifhed, the blood is deter- 
mined to the lungs, the pulfe and refpira~ 
tion’ aré remdered full and frequent, and con- 
fequently as the cold advances in winter fea- 
fons, and in northern climates, the vigour 
of the’animal powers will be increafed, and 
this will be accompanied with a proportional 
incteafe in the faculty of abforbing heat from 
the are 
“In fummer, on the contrary, the reverfe 
of this will take place. The powers of life 
will be relaxed; the air will be lefs tainted 
by refpiration; a f{maller portion of the 
phlogiftic principle will be attracted by the 
blood in the minute vefiels ; and the quan- 
tity of fire which is abforbed will be propor- 
Cc 4 | tionally 
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tionally diminifhed, at the fame time that 
the evaporation from the furface is increafed. 

It appears, therefore, that the heating and 
cooling powers in the animal body are ad- 


jufted to each other in fuch a manner as to. 


produce an equal effect; and, confequently, 
the law by which animals maintain an uni- 
form temperature, notwithftanding the varia- 
tions in the heat of the furrounding air, is 
fimilar ‘to that by which the temperatures 
of bodies become fixed when they have ar- 


rived at the melting. or freezing points. 


When freezing water, for example, is ex- 
— pofed to a cold atmofphere, the quantity of 
elementary fire carried off by the furround- 
ing air, is precifely balanced by that which 
is extricated from the water at the moment 
of its congelation. In like manner, when 
a living animal is expofed to a cold atmof- 
phere, the quantity of heat carried off by 
the circumambient medium, is balanced by 
that which is detached from the blood in the 
courfe of the circulation, On the contrary, 
when ice is placed in a warm atmofphere, 
the whole of the heat which it receives is 
rendered infenfible; and it has been fhown 
that, when. an animal is placed in a warm 


medium, 
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medium, a fimilar extindtion of the heat takes 
place. } | 

Hence the power which animals poffefs, 
ef generating heat, isin all cafes proportion- 
ed to the demand. It is increafed by the 
winter colds, diminifhed by the fummer 
heats; it is totally fufpended, or converted 
into a contrary power, according as the exi- 
gencies of the animal may require. 

4. Among different animals, thofeare the 
hotteft, which breathe the greateft quantity 
of air in proportion to their bulk; and in 
the fame animal, the degree of heat is in 
fome meafure proportionable to the quantity 
of air inhaled in a given time. 

Thefe varieties appear to be the neceflary 
confequence of the general fact, that the heat 
of the breathing animals is derived from the 
air. For if animal heat depends upon a 
change which the air undergoes in the lungs, 
it is evident that, all other circumftances 
: being equal, the greater the quantity of air 
which is changed ina given time, the greater 
~ mutt be the heat produced. “ 
In exercife, by the action of the mufcles, 
the venous blood is returned in greater quan- 
tities than ufual, from the extremities, to 


the 
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the right auricle ‘of the heart. By the 
action of the heart it is determined. to the 
lungs. "The refpi ration is accelerated : the 
velocity of the circulation is increafed; and 
hence, a proportionable increafe i in the be 28 
tity of heat abfor bed. N 

The cold’ ftage of fevérs is preceded by 
languor, a feat of debility;, and a diminu4 
tion in the a@tion of ‘thé heart and arteries: 
The refpiration is {mall,~ the’ pulfe 1s weaker 
than natural—the quantity of blood which 
paffes through the lungs, in a given time, is 
diminifhed—and hencé: lefs phlogifton’ will 
be difcharged from the blood; and; confe- 
quently, lefs. heat will be Sida from the 
air. ‘ 

In the yer of the cold ftage, a. fate 
is formed upon the farface *, By the con- 
ftriction of the veffels on the furface, -the 
blood is determined to the heart; the heart 
is ftimulated to more frequent and violent 
contractions; the velocity of the blood 


through the lungs is increafed; the refpirat » 


tion is accelerated; and hence a greater quan+ 
sty of heat will be abforbed. 


* See Cullen’s firft Lines of the Pra@tice of Phyfick.. 
7 We 
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“We: may. obferve, that the abforption of 
het; and the accelerated velocity of the: 
blood through the lungs, will ac&t and reat 
upon eachiother, in fuch a manner, as that 
the sheat will have a conftant tendency to in- 
creafe. For the accelerated velocity of the 
blood ’occafions a greater abforption of ‘heat; 
and the increafed abforption of heat, ‘by 
ftimulating the heart and arteries to more 
frequent and powerful contractions, will 
again accelerate the velocity of the’ blood, 
which will ftill farther increafe the abforp= 
tidn. And, therefore, the heat: will con-. 
tine to be accumulated, till counteracted. 
by: the operation of fome other caufe. From’ 
the fudden diminution in the weight of. the 
body, notwithftanding the quantity of watery: 
fluids’ that are taken in, and the obftru@ion 
of the urinary fecretion, it appears, that, in 
_ the hot ftage of fevers, there is a very great 
evaporation from the furface ;’ we may, there- 
fore, conclude, that:this is one of the means 
which Nature employs, for moderating the 
heat, and reftraining the violence of the 
difeafe, 

_ Another caufe which prevents the accu- 
- malation of heat, is the cooling power of 

, the 
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the external air. We have already obferved, 


that the quantities of heat loft by a body, in 
_ @ given time, are in proportion to the excefs 
of .its heat, above that of the furrounding 
medium. If, therefore, the fenfible heat of 
the body increafe, while the temperature of 
the air continues the fame, the quantities of 
heat carried off by the latter, in a given time, 
will be proportionably increafed. | 
In putrid fevers, to the accelerated velo- 
city of the blood through the lungs, there 
is added a putrefcent ftate of the fyftem; in 
confequence of which, the air inhaled in 
infpiration, will be more copioufly fupphied 
with the inflammable principle, than when 
the body is in a found and healthy ftate. If, 
in the latter inftance, the air which is re- 
ceived into the lungs, were completely 
faturated with this principle, the quantity 
of heat feparated from it, would always be 
proportionable to the quantity of air inhaled 
in a given time. But it appears from ex- 
periment, that the air which is expired by a 
healthy animal, is not completely faturated 
with the inflammable principle. It is capa- 
ble of being farther diminifhed by nitrous 
air, and not more than the eighth part of it 
confifts 
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econfifts of fixed air. The quantity of heat, 

therefore, which is feparated from the air in 
‘ref{piration, will be partly in proportion to 
the quantity of air infpired, and partly to the 
quantity of the inflammable principle dif- 
charged from the blood, in a given time. 

In fevers of the putrid kind, as the folid 
and fluid parts of the fyftem are in a putref- 
cent ftate, and, confequently, retain the prin- 
ciple of inflammability with lefs force, a 
greater quantity of this principle will be dif- 
charged from the lungs, the air will be more 
copioufly fupplied with it in the procefs of 
refpiration, and will, therefore, impart to 
the blood a greater proportion of its abfolute 
heat. To thefe caufes it is probably owing, 
that the heat of the human body never rifes 
fo high as in putrid fevers. 

5. Topical inflammation is accompanied 
with rednefs, with tumour, and with un- 
- ufual heat *. From the throbbing of the 
veffels, and from microfcopical obfervations, 
it appears, that the velocity of the blood 
through the part inflamed, is accelerated ; 
and it is manifeft, that a tendency to putre- 


* See Cullen’s firft Lincs of the Practice of Phyfick. 


faction 
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faction muft be produced by the viollasocle a 


action, and by the ftagnation of the ferotts 
fluid which is fometimes effufed into the 
adjoining cellular texture. It has been al-_ 
ready obferved, that the arterial blood has a 
{trong attraction to phlogifton, and that by 
its union with this principle, in the courfe 
of the circulation, it is obliged to give out 
that heat which it had received in the lungs. 
In the ftate of health, the velocity of the - 
blood through the different parts of the 
fyftem, and the quantities of phlogifton with 
which it is fupplied in thofe parts, are 
adjufted to each other in fucha manner, that 
the heat is equally diffufed over the whole. — 
But, if by any irregularity, the balance be 
deftroyed ; if, by the increafed action of the 
veffels, the blood be urged with greater , 
violence than ufual through any particular 
part, or, in confequence of a greater tendency 
to putrefaction, be more copioufly fupplied 
with phlogifton, itis manifeft, that a greater 
quantity-of heat will be extricated in that 
part, in a given time. ‘This heat will 
-ftimulate the veffels into more frequent and 
forcible contractions, by which the yelocity 


of the blood, and the confequent extrication 
of 
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p of. heat. will. be {till farther increafed. On. 
this, principle we may probably account for 
the partial heats which are produced by topi-~ 
cal inflammations, and for thofe which arife 
in. hectic and nervous difeafes. 
» It will hereafter appear, that the -heat is 
accumulated i in topical inflammation, by the 
increafed velocity of the blood through the 
«part inflamed, in the fame manner as it is 
accumulated upon the fuel, in combuttion, 
by directing a ftream of frefh air into the 
fire. | 7 iil 
6. I hall obferve, in the laft place, that 
the doétrine contained in the preceding pages, 
re{pecting the caufe of animal heat, will. 
probably lead to an explanation of the ufes of : 
the {pleen and of the lymphatic glands. 
May not the fpleen be intended partly to . 
apply a proper degree of warmth to the left 
- fide of the ftomach, and partly to fupply the 
liver with phlogifticated blood? As a quan- 
tity of fire is extricated during the conver- 
fion of arterial into venous blood, in the 
‘minute veffels, if the blood which is phle- 
gifticated in the fpleen had paffed to the liver 
‘in the ftate of arterial blood, and had been 
changed i into VEROHs, in that organ, it feems 
. evident 
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evident that there would have been a re- 
dundancy of heat in the right hy pochondriac 
region, and a deficiency of it inthe left; and 
this effect would have been produced in a 
much greater degree, ifthe blood which 
comes from the inteftines had likewife paffed 
to the liver in the ftate of arterial blood. 
But in the prefent fituation of things, the 
blood which flows through the celiac and 
mefenteric arteries, having communicated the 
heat which it had abforbed in the lungs to 
the inteftines, and to the left fide of the 
ftomach, pafies to the liver impregnated 
with the inflammable principle; in confe- 
quence of which it is not any longer ina 
condition to give off heat, and at the fame 
time, by its union with the principle of 
inflammability, it is probably brought into 
that ftate in which it is beft fitted for the 
fecretion of the bile. 
As tothe lymphatic glands, there is reafon 
to believe that the arterial blood, which is 
converted into venous, in thofe glands, at- 
tracts from the lymph a quantity of the 
inflammable principle, and communicates to 
it a portion of elementary fire. © It is proba- 
ble that the lymph, by this alteration, is 
rendered 
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rendered more fit for becoming one of the 
conftituent parts of the blood. 


Of the principal Faéts relating to the Inflam~ 
mation of Combuftible Bodies. 


1. We have proved, that the fenfible heat 
in combuftion is derived from the air, and 
depends upon the feparation of abfolute heat 
from that element. Hence it is evident, 
that when the air, in which an inflamed 
body is confined, is deprived of the greater 
part of its abfolute heat, the fource of in- 
-flammation will be exhaufted, and the flame 

will neceffarily be extinguifhed. And this 
explains the reafon, why a conftant fucceffion 
of frefh air is neceffary to inflammation, as 
well as to the fupport of animal life. 

<2. As the fenfible heat, which is pro- 
duced by combuftion, depends upon the 
| feparation of abfolute heat from pure air, it 
' is manifeft that the greater quantity of pure 
air any fpecies of aérial fluid contains, the 
longer it muft contribute to the fupport of 
flame, as well as to the prefervation of ani- 
mal life. Agreeably to this we find that 
| oe quantity of pure air, contained in the 
| Dd beft 
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bett dephlogifticated air, 1s nearly four times 
as great as in common air; and Dr. Prieft- — 
ley has fhown that five times as much fenfi- 
ble heat is produced by the converfion of it 
into fixed air, as by that of common air; 
for a candle will continue to burn five times 
as long in the former as in the latter {pecies 
of air * : 
oe As the fenfible poh. in combutftion, ) 
depends upon a change produced in the air, 
it is manifeft, that (all other circumftances 
being equal) the intenfity of the heat. mutt, 
be in proportion to the quantity, of air which 
is changed i in a given time. And hence the 
heat may be increafed to a very great degree, 
if a ftream of frefh air be dire€ted upon the 
fuel by bellows, or by the blow pipe. 
We have found, that by the converfion of 
dephlogifticated into fixed air, a quantity of 
heat is difengaged, which would be fufficient 
to raife the air fo converted to more than 
four times the excefs of the heat of red hot — 
iron above the common temperature of the 


* In phlogiftic procefles, a {mall portion of the. pure 
air contained in atmofpherical, is protected from the 
action of the inflammable.principle, by the phlogifticated 
air which forms one of the conftituent parts of ‘the 
atmofphere. See p. 272. | 7 

7 atmofphere. 
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piiiorabiere: And indeed the degree of heat, 
excited by the inflammation of combuftible 
bodies, would not be lefs than this, if the 
fire that is thus extricated, were applied to 
the fixed air alone, and were to remain in 
the fame concentrated ftate, in which it is at 
firft feparated from the atmofpherical air. 

‘But as fenfible heat has a conftant tendency 
to an equal diffufion, it will inftantly flow 
from the point inflamed, and fpread itfelf - 
over the furrounding bodies.’ It will be 
‘accumulated upon the fuel, abforbed by the 
vapour, and communicated to the atmof- 
phere. This explains the reafon, why the 
heat is fo intenfe in the flame of a candle, 
and is fo greatly diminifhed at the {malleft 
diftance from the flame. 

4. Though it is highly probable that all 
inflammable bodies have their capacities for 
containing heat changed by the alterations 
which they undergo, in the proceffes of cal- 
Cination and combutftion, yet from the ex- 
periments which have been recited above, it 
is manifeft, that the degree of this change is 
very different in different bodies. We have 
feen that the capacity of the celx of iron is 
oS Dd 2 to 
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to that of iron, as 1.9 to 1; that the capa i 
city of the calx of antimony is to that of the 3 
regulus as 3.5 to 1; that the capacity of © 
pure air is to that of fixed airas 4 to1; and — 
that the capacity of arterial blood is to that — 
of venous as 117 to 10. | 

It appears, moreover, that different quan- — 
tities of the inflammable principle are re=_ 
quired to faturate different bodies. Some of 
the oleaginous fubftances abound more with 
this principle than others; and a greater 
quantity of it is required to faturate pure air 
than an equal weight of arterial blood. 

From thefe facts it follows, that when the 
inflammable principle pafles from one body 
to another, the changes in the capacities of © 
the bodies for containing heat will be dif-— 
ferent, and-unequal quantities of matter will 
be changed in a given time. Thus, in re- 
fpiration, the inflammable principle is fepa-_ 
rated from the blood and combined with the 
air. The diminution which is produced, - 
by this procefs, in the capacity of the air 
for containing “heat, is greater than-the ins 
creafe in that of the blood ; and as more in= 
flammable air is required to faturate pure. - 
‘than an cqual weight of arterial blood, the. 


quentiti 


ei 
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“quantity of tke latter, which is changedin 
a given time, will be greater than that of the 
_ former. : 
When two contiguous bodies, at the fame’ 
moment, have their capacities for contain- 
ing heat refpectively increafed and diminifh- 
ed, if the changes be fuch that the whole 
heat feparated from the one is abforbed by 
the other, no fenfible heat or cold will be 
_ produced. 
The cafes in which this will happen may 
be determined in the following manner. 


=> 


PROPOSITION I, 


~ LET there be two 
bodies, A and B,which A BS 
have their capacities CO@c KO@k 
for containing heat H 
changed at the fame 
“moment, the capacity of A being diminifh- 
ed, and that of B increafed; let the capacity 
of A before the change, be denoted by C, 
and after the change, by c; the capacity of 
B before the change by k, and after the 
_change by K. Then C—c will be the dif- 
“ference of the capacities of A before and 
Dd 3 after 
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after the change; and K—k the difference _ 
of the capacities of B. It is affirmed, that, 
if the temperatures and the quantities of 
matter changed in a given time, be equal, 
the differences of the capacities will be as 
the differences of the abfolute heats. 
| For the capacities of bodies for receiving 
heat, are eftimated (as was obferved above) 


by: the comparative quantities of abfolute 


heat which they are found to contain, when 
the quantities of matter are equal, and the 
temperatures are the fame. ‘The temperature 
and the quantities of matter, therefore, in 
A and B being equal, the capacities will be 
dire@tly as the abfolute heats, If the abfo- 
lute heat of A be double that of B, the ca- 


r 


' pacity will be double, if triple, triple, &c, ; 


And therefore, calling the abfolute heats of 
A and B before the change, H and p, and 


Moe the change h and P, it will he : 


C:ic::H:h, And by converfionC—c : 
fii ic eae h..5 Eor..: the, fame réafan 


K—k vk: : Poop: .p., But becaufe the 


quantities of matter in A and B are equal, 
and the bodies before and after the change 


are conceived to be brought to the fame tem-_ 


perature, it will PGE Gis i son} lite pe 


Since 
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Since therefore C—c :c¢:k:K—k 
as H—h :h: p: P—p, by 
equality C—c : K—k :: H—h: P—p 
That is, the differences of the capacities 
are as the differences of the abfolute heats, 
the temperatures and the quantities of matter . 
being equal. 


Proposittoan IL 


IF the differences of the capacities be 
equal, the differences of the abfolute heats 
will be as the quantities of matter *. 
~ ‘The fame things re- 
maining as above, if Ch \Be 
the quantities of mat- _ 
ter in A and B be equal, 
C—c:K—k: :H—h: 
P—p. | 

Let the quantity of matter in AT 5 
be increafed, in any proportion, as f 
in Fig. 3, and, after the increafe, 
let it be called T. Let the abfo- 
lute heats be denoted by R and r, and the 


_ * In this and the following propofition, the bodies are 
__ fuppofed to be brought to the fame common temperature 
‘before and after the change. 


Dd4 quantities 
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-quantities.of matter in A (or B) and T, by: 
q and Q refpedctively. 

Since the capacities of A and T are equal, 
the abfolute heats before the change, will 
_ be as. the quantities of matter. Therefore 
H:R::q:Q. For the fame reafon the 
abfolute heats, after the change, will be as 
the quantities of matter. Thatis, h:r::q: 
Q. Therefore, Ts: Rees hh’: ir, and: aa 
he: Rirg and H—h:h::R—r: r, and 
H—h:R—r::h:r. Both:r::q:Q. 
Therefore H—h : R—r :: q : Q. But 
m is equal to P—p. rherake P—p 3 
R—r::q:Q. And hence the differences 
of ihe Saphcities being equal, the differences 
of the abfolute heats will be as the quanti- 
ties of matter. 


PRoPosITION III. 


IF the differences of the abfolute heats be 
equal, the differences of the capacities will 
be reciprocally as the quantities of matters 

For, by the firft propofition, the CO @c 
quantities. of matter being given, i oe 
the differences of the abfolute heats ee 
are directly as the differences of the capaci- 
ties; and, by the fecond propofition, the 

differences 


| | 
sata ai \ 
wt 
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differences of the capacities being given, 
the differences of the abfolute heats are as 
the quantities of matter; it follows, that 
neither being given, the differences of the 
abfolute heats, are as the differences of the 
Capacities multiplied into the quantities of 
matter, That is, H—h is as C—c x Q. 
Therefore C—c will be as 


b 
3 and if 
R, 


‘-H—h be given, C—c will be reciprocally 
as Q. Confequently if the differences of | 
the abfolute heats be equal, the differences 
of the capacities will be reciprocally as the 
quantities of matter. as 

Cor, I. It is, therefore, required, in or- 
der that neither heat nor cold fhould be pro- 
duced, that the differences of the capacities 
fhould be reciprocally as the quantities of 
matter changed in a given time. For in 
that cafe, by the converfe of this propofi- 
tion, the differences of the abfolute heats 
will be equal. 

Cor. Il. See the fig. Prop. I. If, there- 
fore, the diminution in the capacity of A, 
be to the increafe in that of B, in a greater 
proportion, than the quantity of matter in 
B to that in A, the whole of the heat which 

is 
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. is feparated from A will not be abforbed by 
B, a part of it will become redundant, or 
will be converted into moving and fenfible 
heat. 

Cor. III. The differaiices of the capacities 
being reciprocally as the quantities of mat- 
ter, if the quantities of matter changed in a 
given time be equal, the differences of the. 
capacities will be equal. 

Corr LV Bee the fie Prop. To Pe quan- 
tities of matter changed being fuppofed to 
be equal, fince it is required, in order that 
neither heat nor cold fhould be produced, 
that H—h fhould be equal to P—p, it fol- 
lows that P muft be equal to H + p—h. | 

If h-be equal to p, that is, if p—h=o 
then P=H. If h be oreater than p, p—h 
will bea negative quantity ; on the contrary, 
if h be lefs than p, p—h will be pofitive, 
In the former cafe, P will be lefs than H, 
and, in the latter, it will be Eee shen 
it. 

This may be otherwife briefly expreffed as 
follows: the quantities of matter changed 
being equal, let the capacity of A, after the 
change, and that of B previoufly to it, Be 
called the ng capacities of thefe fub{tances, 

2 and 


‘ 


upon Animat Heat, &c. Bia 


und let the capacity of the former previoufly 
to the change, and that of the latter fub- 
»fequent to it, be called their Ag capa- 
cities, 
‘Since the diminution in the capacity of 
A is equal to the increafe in that of B, it is 
manifeft, thatif the /ea#? capacities be equal, | 
the greatef capacities will likewife be equal. 
But if the /eaf capacities be unequal, this 
inequality mutt be balanced by a correfpond- 
ing inequality in the greatef? capacities ; or 
in as much as the leaft capacity of A is 
greater or lefs than that of B, in fo much 
muit the greateft capacity of the former be 
reater or lefs than that of the latter; the 
difference of the leaft capacities being, in all 
scafes, equal to the difference of the greateft. 
The rule which is expreffed in the firft 
corollary, applies te the feparation of heat 
from the air, and the abforption of it by the 
blood, in the procefs of refpiration. For as 
the fenfible heat in the lungs, is not greater 
-than in the other parts of the body, it is 
manifeft, that the whole of the heat which 
is feparated from the air muft be abforbed. 
And therefore the changes produced in the - 
blood and the air, are fuch, that the dif- 
ae ference 


* 
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ference of the capacities of venous and arterial 
blood, is to the difference of .the capacities 


of fixed and atmofpherical air, as the quan-— 


tity of air changed in a given time, is to that 
of blood: in which cafe, by the above 
corollary, no part of the heat will become 
_redundant. The oppofite changes, there~ 
fore, which the air and the blood undergo 
in the lungs, precifely balance each other. 
For as the quantity of blood, which is alter- 
ed by refpiration, in a given time, is much 
greater than that of air, fo the change which 
is produced in the air, during this procefs, 
is proportionably greater than that which is 
produced in the blood, * 


The rule which is expreffed in the fecond | 


corollary, applies to the fenfible heat pros 
duced in the courfe of the circulation, and 
to that which is produced by the inflamma- 
tion of combuftible bodies. As we find, 
for example, that a part of the heat which 
is difengaged from the blood, in its progrefs 
through the fyftem, becomes redundant, we 
‘may conclude, that the diminution in the 
capacity of the blood, is to the increafe in 
the capacity of thofe parts of the body from 
which it receives the inflammable principle, 

in 


‘ 
Li ’ 
y 
d 


‘ 
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i? a greater: proportion, than the quantity of 
* matter in the latter to that in the former; 
in which cafe, the whole of the heat fepa- 
rated from the blood will not be abforbed ; 


@ part of it will be converted into moving 
and fenfible heat. . 


That this rule is asipliaabe to dade in- 
flammation of combuftible bodies, appears 


from the following obfervations and experi- 


ments. 


“In the burning of i iron, the metal is con- 


yer into acalx, and the purer part of the | 


common air which fupports the inflamma- 
“tion i is abforbed, either in its fimple ftate, 
or combined with phlogifton. By this pro- 
€efs the capacity of the air for containing 


heat is diminithed, and that of the calx is_ 


“increafed ; and, therefore, from the firft and 
third Corollaries, it follows, that if, in the 
“inflammation of iron, equal quantities of 
air and iron were changed in a given time, 

he difference of the capacities of iron 
its calx, were equal to the difference 
of the capacities of the air before and after 
the'change which is produced upon it by its 
_ union with the metal, the whole heat extri- 


&# 7 cated. 


vid 
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cated from the air would be abforbed by the 
calx. - bey 7 ai* 
_ The alteration of capacity which the air. 
undergoes by its union with the metal may 
be determined as follows. | a® 
It has been proved that the quantity of ‘ 
abfolute heat in the calx of iron when 
faturated. with air, is to that contained in . 
the fame calx when the air is in a great é 
meafure feparated by nitrous acid and fire, 
as 6 to 4. We fhall fuppofe the calx, when 
faturated with air, to contain 2 of its weight 
of that fluid. If we conceive the whole heat __ 
in the aerated calx to be divided into fix equal 
parts, the abfolute heat of that fubftance; — 
after the feparation of the air, will be to its 
heat, previoufly to the {eparation, as' 2.6666 
to 6. For if the calx, after the feparation 
of the air, were equal in quantity to the, 
aerated calx, the heat of the former would 
be to that of the latter as 4 to 6; but as it 
is only equal to two thirds of the aerated 
calx, it willbe as 2.6666 to 6. ; 
Let the difference between the heat of the 
aerated calx, and of that fubftance when freed 
from air, be fuppofed to give the heat which 
was contained in the air during its .combi- 
| nation 
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nation with the metal *. It will follow that 
this heat will be reprefented by the difference 
between 2.6666 and 6. That is, the heat 
contained in the air, will be to that con- 
tained in the aerated calx, as 3.3334 to 6, 
the quantity of matter in the air being one 
third of that in the calx. . And, therefore, 
_ taking equal quantities of the air and the 

calx, soe heat of the former will be to that 
of the latter as 3-3334 multiplied by three, 
or as.i1o to 6 very nearly, or as 1.6666 
tor, |. 

It has been already fhown that the heat 
ofthe calx is to that of water as 1 to 4; 
therefore the heat of the combined air is to 
that of water as 1 to 2.4; but the heat of 
pure air is to that of water as 4.75 to 1, 
therefore the heat of the pure air is to that 


_ * In this fuppofition it is taken for eranted that the 
“capacity of the calx is not altered by its combination with 


the air. Itis probable, however, that it is fomewhat in- 7 


creafed. If this be admitted, it will follow that the quan- 
tity of heat contained in the air is lefs than that which is 
{tated above; but this will not affe& the calculation of 


the heat which becomes fenfible during the combuftion of ~ 


iron; becaufe.the error in the flatement of the heat cons 
tained in the combined air will be balanced by a contrary 
error in the ftatement of the heat contained in the calx. 


‘ | | | of 
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of the combined air as 11.1 to ‘I, or as 36.4 
to 3.28, and the heat of the combined air is 
to that of the iron as 3.28 tor. ‘The capa- 
city of the calx of iron is to that of iron as 
2 to 1 nearly. 

Calling, therefore, the capacity of pure 
air in its elaftic form 36.4; and that of the 
combined air 3.28, it appears from Cor. 1. 


so: 


Prop. III. that if the whole heat feparated 
from the air were abforbed by the calx, the — 


quantity of iron calcined would be to the 
quantity of air which is abforbed during the 
calcination, as the difference of the capacities 
of pureand combined air, is to the difference 
of the capacities of the iron and of the calx. 
The quantity of air contained in the calx 
being 3; of the whole, it follows that the 
quantity of iron which is altered by the 
procefs of calcination is to that.of air as 2 to 


1; and the difference of the capacities of — 


pure and combined air is 36.4—3.28, or 


33.12. Hence, if the whole heat feparated — 


from the air were abforbed, it would be as 
2:13: 33.12 to the difference of the capa- 
cities of the iron and the calx. That is, 
the excefs of the capacity of the calx above 
that of the iron would be 16.56; and the 


quantity - 
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quantity of heat in the iron being expreffed 
by unity, the capacity of the calx would be 
to that of the iron as 17.56 to 1; but it is as 
2to1. Hence the heat which becomes re- 
dundant during the calcination of iron, is 
to the original heat of the iron as 15.56 to 1; 
and it isto that of the calx as 15.56 to 2, or 
as 7.78 to 1. 
| It was before fhown, that bodies, when 
at the common temperature of the atmof- 
phere, contain at leaft 1500 degrees of heat. . 
During the inflammation of iron, therefore, 
a quantity of heat becomes redundant, which 
would be fufficient to raife the calx 1500 
degrees multiplied by 7.78, or 11670 de- 
precs, | 

Hence we may account for the fpark which 
is produced by the percuffion of flint and 
fteel. A particle cf the metal is ftruck off 
by the force of the flint. This particle is 
altered in fuch a manner as to be rendered 
capable of abforbing a portion of air. The 
air, at the fame moment, parts with a quan- 
tity of elementary fire, which raifes the par 
ticle toa red heat, and thus the {park is pro- 
duced. 

‘ Ee Ig 
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It may be difficult to determine the peculiar 4 
mode in which the ftroke of the flint operates. ~ 
upon. the particle of the- metal, fo. as to q 
render it capable of combining withair. But 7 
the fact is certain, for when a quantity of ? 
the metal, calcined by this procets, 1S, Col 7 
lected, the greater part of it is found to.con- ~ 
fit of finery cinder, or of ethiops martialis, 7 
which is known to contain 3 of its weight i 
of air, the remaining portion being apparent- — 
ly converted into gla{s. | | : 

Itis manifeft, from the foregoing calcula~ | 
tion, that the air, which is thus combined s 
with the portion of the metal that is ftruck — 
off, muft, at the moment of its abforption, — 
depofit a quantity of fire, which would be 
fufficient to raife the calcined particle 11670 q 
degrees. 4 

That the phenomenon derives its origin — 
from this fource, is confirmed by experi- — 
ments which were made on that fubject by ~ 
Mr. Lane; from which it appears that a 
{park is not. produced by the percuffion of ~ 
flint and fteel ina vacuum. A very {mall — 
quantity of pure air is, however, fufficient — 
to produce this effect; for Mr. Kirwan has — 
found that a fpark is excited by the per- 

cuffion — 
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of flint and fteel under common {pring 
water. 

It appears, upon the whole, that the moft 
important facts relating to the inflammation 
~ of combuttible bodies, may readily be ex- 
plained upon the principle that the heat 
which is excited in combuftion is derived 
from the air. 

A part of this heat is abforbed by the 
elements into which the combuftible body 
4s refolved, and the reft becomes redundant, 
or is converted into fenfible heat; it follows, 
that the quantity of fire which is extricated 
will be in proportion to the quantity of air 
_ which is altered in a given time; and that 
the degree of fenfible heat which is produced 
will be greater or lefs, in propoftion asa 
lefs or a greater quantity of this fire is 
‘abforbed by the body which fupports the 
inflammation. | | 

In the inflammation of alcohol and ful- 
phur, a very great proportion of the fire 
which is detached from the air, is imbibed 
by, the aqueous and fulphureous vapour ; 
and, therefore; alcohol and fulphur burn 
with a pale and weak flame. On the other 
hand, thofe inflammable bodies which pro- 

| Bees duce 
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duce little vapour, or which produce a 
vapour that is capable of abforbing but little 
heat, as pit-coal, oil, wax, phofphorus, burn 
with a ftrong and vivid flame; for, in thefe 
cafes, a great part of the fire which is yield- 
ed by the air, is converted into fenfible heat. 

I have thus endeavoured to account for the 
phenomena of combuftion and of animal 
heat, from the general fact that the capacity 
of pure air for containing heat is diminifhed 
by the refpiration of animals, and by the 
action of inflammable bodies. 

On this principle, a variety of phenomena 
may be explained, befides thofe which have 
been already mentioned. 

It is probable that the vapour of pure 
nitrous acid, contains as much abfolute heat 
as atmofpherical air; for the power of the 
former, in maintaining flame, is nearly as 
great as that of the latter. Hence we may 


account for the fpontaneous accenfion of a- 


mixture of oil of turpentine and nitrous 
acid. | 


When the nitrous acid is mixed with oil _ 
a 


of turpentine, the inflammable principle is 
feparated from the oil and combined with 
the acid; the latter is forced to give outa 

| portion 


® 
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portion of its abfolute heat, part of which is 
abforbed by the bafis of the oil, and the reft 
becomes redundant or appears in the form of 


fenfible heat. If the fenfible heat be in- 


creafed to a certain degree, the acid will be 


converted into vapour, and the latter will 


fuddenly combine with the inflammable 
principle of the oil, in confequence of which 


a great quantity of fire will be extricated, 


and the whole will explode with a vivid 
flame, and with intenfe heat. This ex- 
plofion happens in a vacuum as well as in 
the open air, becaufe the nitrous acid vapour | 
is capable of fupporting flame, 3 

In the deflagration of nitre, the acid is 
converted into vapour; which being at the 
fame moment united to the inflammable 


principle of the coal, the fire is inftantly 


difengaged, an elaftic fluid is fuddenly ex- 
panded, anda loud explofion produced. 
Upon the fame principle we may account 
for the heat which arifes from the mixture of 
pure and nitrous air; the capacities of thefe 
fluids being diminifhed by their combination. 
I endeavoured to determine the quantity 
of heat produced by mixing nitrous and 
dephlogifticated air together, in the following 
Eee 3 manner. 
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manner. ‘Three pipes were reap ee in the 
brafs veflel GR. See plate III. fig. 3. The 
firft of thefe pipes communicated oe an air 
pump. To the extremity of the fecond was 
fcrewed a bladder containing dephlogifticated 
air; and to that of the third, a bladder con-. 
taining nitrous air, the communication be- 
tween the air in the bladders and that in the 
brafs veffel being interrupted by {top cocks. 
‘he brafs veffel was then fixed in the tinned 
veffel A D (fee fig. 4,) and was furrounded 
with water; after which the common air 
was Pipiaed by the air pump, and- the 
nitrous and dephlogifticated air were fuffered 
toenter. From fevera I trials it appeared that 
the heat produced by mixing two parts of 
nitrous with one of dephlogifticated air, was 
nearly half as great as that which was pro-. 
duced by burning dephlogifticated and i in= 
flammable air together in the fame propor- 
tions. At the conclufion of the experiments 
with nitrous and dephlogifticated air, if was 
found that an elaftic fluid remained in the 
veffel, which iffued in the form of fmoke, 
and which fmelled ftrongly of the nitrous 
acid. It is probable that a confiderable 
quantity of heat was contained in this vapour, 


which | 


\ 
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which explains the reafon why lefs eat i is 
_ produced by the union of thefe fluids, than 

by that of dephlogifticated and inflammable 
alr. 

This doGtrine likewife affords an explana- 
tion of the heat which is produced by the 
electric fark. For it has been proved by 
Dr. Prieftiey that the electric fpark dimi- 
mifhes common air, and renders it incapable 
of fwpporting flame; and the air, when it 
undergoes this change, is found univerfally 
to give-out a portion of its abfolute heat, It 
ismotp obable, however, that the heat which 

1s excited by the electric {park entirely origi- 
nates from this fource, for the fpark gives a 
confiderable impulfe to the body into which 
it enters, and we know that percuffion will 
produce heat in a vacuum. [fa great quan- 
tity of electric matter be fuddenly difengaged 
from a cloud or from the earth, it will ex- 
tricate a proportionable quantity of fire in its 
pallage through the air; and thus we may 
account for the fudden rifing of the thermo- — 
meter in the time of thunder: and lightning.” 

It is found, by experiment, that the 
phenomena « ef an earthquake may be imitated 
by a. mixture ef iron filings and brimftone, 
| We a a. made. 
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made into a pafte with water, and buried in. q 
the earth. May not the heat which is thus 
produced be explained in the following 
manner? 

When iron filings and brimftone are mixed 
together and moiftened with water, the 
changes produced in thefe fubftances are 
fimilar to thofe which take place when they 
are burned in the open air. The fulphur is 
converted into an acid, and the iron intoa 
calx. The calx and acid are at the fame 
time combined with a quantity of-air or 
water, by which their weights are confider- 
ably augmented. The fubftance which is 
thus united to the calx and acid, muft either 
be derived from the common air which is 
diffufed through the pores of the earth, or 
from the water with which the iron and 
fulphur were mixed. The latter appears the 
moft probable, for the quantity of common 
air with which the iron and fulphur are in 
contact is fo {mall that it does not feem fuf- 
ficient to fupply them with the fluid which 
they attract during their union. ony 

When, therefore, fulphur and iron are 
mixed together, and made into a pafte with 
water, it is probable that a part of the water 

1§ 
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is combined with thefe fubftances *} ‘This 
combination muft neceflarily be accom panied 
with the extrication of a great quantity of 
fenfible heat; for the abfolute heat contain~ 
ed in the fluid, which is united to the calx 
and to the acid, is much lefs than that con- 
tained in water in its uncombined ftate, as 
appears from a comparifon of the quantity 
of heat in water, with that which exifts in 
the vitriolic acid, and in the calces of metals. 
The portion of the water, therefore, which 
is united to the acid and to the calx, mutt 
have its capacity for heat greatly diminithed., 
Hence a large quantity of elementary fire 
will be extricated, and at the fame moment 
the remaining part of the water will be con- 
verted into vapour, by the expanfion of which 
-acommotion will be excited, accompanied 
with noife and the eruption of flame, re- 
fembling the phenomena of an earthquake, 
May not a fimilar mixture of fulphureous 
and metallic bodies be produced in confe- 
quence ‘of the changes which take place in 
the bowels of the earth? May not thefe 
bodies be brought into contact with the 


* See Mr, Kirwan’s Eflay on Phiogifton, p. 102. 
? | water 
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water which is diffufed through the earth’s 


{ubftance, or lodged in cavities beneath its 
furface? May they not fuffer the fame 
changes that they are found to undergo 
in the mixture of iron filings and brimftone? 
In which cafe a quantity of fire will be dif- 
engaged, and an elaftic vapour produced, 
the latter of which, by its fudden expan- 
fion, will excite a commotion in the bowels 
of the earth, and will at length force its way 
through the fuperincumbent ftrata. 

If much inflammable matter be lodged in 
the regions where the fubterraneous fires 
have been kindled, and if this matter be 
mixed with atmofpherical air, or with fub- 
ftances, which, by the application of heat, 
produce a fluid that is capable of maintain- 


‘ing fire, the inflammation may be augment-. 


ed to a prodigious degree, and the rarified 


vapours may carry along with them in their. 


afcent, a great quantity of combuftible ma- 


terials in an ignited flate, by the expofure of 


which, the inflammable principle will be 
difcharged, and the flame extended through 

a large tract of air. 
In this manner we may Stauanie account 
for volcanos, thofe awful inftances of com- 
buftion 


—— 
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buftion which are exhibited by nature in the 
foffil kingdom *. 

It appears, upon the whole, thata variety 
of important effects are produced i in the uni- 
verfe by the law of the evolution and ab- 
forption of heat. 


Vegetables are elaborated by the Afitines 
of heat and moifture, from the elements of - 
earth, air, and water, and by the action of 
the folar light, the principles of which the 
vegetable tribe is compofed, are intimately 
combined with -inflammable air, and are 
obliged to refign a portion of their abfolute 
heat. In combutftion, the inflammable air 
1s disjoined from its vegetable bafis, and is 
combined with the purer part of the com- 
mon air; and thus thofe artificial fares are 
maintained which are fo neceflary in the 
economy of human affairs. In like manner, 
by the powers of animal life, the mflamma- 
ble principle is feparated from the blood and 
difcharged by refpiration, in confequence of 
which a quantity of fire is abforbed ane the 
air, and heat is communicated to the animal, 
kingdom. ae 

* The fame doctrine feems to afford an eafy folution 


of the heat which is produced by fermentation and 
putrefaction. 


The 
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The air which was tainted by combuttion — 
and refpiration, is again purified by the ac- 
tion of light upon the ftems and leaves of — 
vegetables *; and if this effect be produced : 
by the feparation of the inflammable prin- 
ciple, it follows that vegetation will reftore 
to the air that heat which had been detached 
from it in the proceffes of refpiration and 
combuftion; and thus the element of fire, 
by the medium of pure air, will be conti- 
nually circulating through the animal and 
vegetable kingdoms. 

It was before fhown that the quantity of 
air which an animal phlogifticates ina warm 
medium is not fo great as that which it 
phlogifticates when it is expofed to a cold 
medium. Whence it follows, that in the 
countries between the tropics, all other cir- 
cumftances being equal, the air will be lefs 
contaminated by the refpiration of animals, 
than in the temperate and frigid zones. 
And the difference between the injury done 
to the air by refpiration in’ warm and in 
cold climates, will appear to be very confi- 
derable if we recollect, that the phlogiftica- 
tion of a given quantity of air, by an animal 

* See Dr. Prieftley’s Experiments on Air. | 
’ : _ 


at the température of 50, was found to be 
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twice as great as that produced by the fame 
animal, in an equal time, at the temperature 


of 100. In thofe parts of the earth, there+ 


fore, in which the contamination of the air 
is increafed by the influence of heat upon 


dead animal fubftances, that element fuftains 


lefs injury from the Fetpiretion of hung 


E animals. 


We may add, that in the tropical coun- 
tries the wafte of pure air by putrefaction, is 
fpeedily repaired by a more luxuriant vegeta- 
tion, and a greater expofure to light. 

Thefe appear to be the principal agents 
which the great Author of Nature has em- 
ployed to maintain an uniform degree of 
purity in the atmofphere. It is poffible, 
indeed, tat many other caufes may concur 
in producing the fame effect; but it is 
evident, from the obfervations which have 
been made on the ftate of the air in different 
parts of the world, that the cauies which 
purify and contaminate that element, as well 


as thofe which preferve the balance of heat 


in the animal kingdom, are adjufted to each 
ether with admirable precifion. 
I fhall 
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I fhali obferve, in the next place, that by 
the law of the evolution and abforption of | 
heat, thesDeity has guarded againft fudden — 


viciflitudes of heat and cold upon the furface 
of the earth. 

For if heat were not evolved by the pro- 
cefs of congelation, all the waters which 
were expofed tothe influence of the external 
air, when its temperature was reduced below 
32, would fpeedily become folid; and at 


the moment of congelation, the progrefs of 


cooling’ would be as rapid as it was before 
the air had arrived at the freezing point. 
This is manifeft from what was formerly 
obferved refpecting the times of the congela- 
tion of different fluids: it was fhown, that 
if the velocities of the feparation of heat were 
equal, the times of the congelation would 
‘be in proportion to the quantities of heat 
which’ the fluids gave off from an internal 
fource in the freezing procefs. Whence it 


follows, that if no heat were evolved, the © 


congelation would be inftantancous. 

In the prefent ftate of things, as foon as 
the atmofphere is cooled below 32, the 
waters begin to freeze, and at the fame time 
to Gave heat; in confequence of which, 


whatever — 
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whatever may be the degree of cold in the 
external air, the freezing mafs remains at 
32, until the whole is congealed *. Andas 
the quantity of heat extricated in the freez- 
ing of water is confiderable, the progrefs of 
congelation, in large mafles, is very flow. 
Hence; in the northern and fouthern re- 
“gions, upon the approachof winter, a quan- 
tity of elementary fire is extricated from the 
waters, proportional to the degree of cold 
that prevails in the atmofphere. ‘Thus the 
feverity of the froft is mitigated and its pro- 
grefs retarded; and it would feem that dur- 


ing this retardation of the cooling procefs, 


the various tribes of animals and vegetables 
which inhabit the circumpolar regions, 
gradually acquire the power of peting its 
influence. 

Onthe contrary, if, in the melting of ice, 
a quantity of heat were not abforbed and 
rendered infenfible, that fubftance, when it 


* That the abforption and extrication of heat in the 
‘melting and freezing of bodies, has a tendency to retard 
the progrefs of thefe procefles is remarked by Mr. Wilkie 
_inhis Effay on Latent Heat. 

The fame dotrine is likewife taught by Dr. Black in 
- his lectures. 
y was 
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was expofed to a medium warmer than 32) 


would fpeedily become fluid, and the pro 
grefs of heating would be as rapid as if no 
alteration in its form had taken place. If 
things were thus conftituted, the vaft mafles 
of ice and fnow, which are colleted in the 
frigid zones; would, upon the approach of 
fummer, fuddenly diffolve, and great in 
undations would annually overflow the regions 
near to the poles. 

But, by the operation of the law of the 
abforption of heat, when the ice and fnow, 
upon the return of fpring, have arrived at 
32, they begin to melt, and at the fame time 
to imbibe heat. During this procefs a large 
quantity of elementary fire becomes infenfi= 
ble, in confequence of which the earth is 
flowly heated, and thofe gradual changes are 
produced which are effential to the preferva- 


tion of the animal and vegetable kingdoms. 
‘We may remark, in the laft place, that 

this law not only refifts fudden changes of — 

temperature, but that it likewife contributes 


to a more equal diftribution of the principle 
of heat, throughout the various parts of the 
earth, in different feafons and climates. 
Thus the diurnal heats are moderated by the 

| evaporation 
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evaporation of the waters on the earth’s fur 
face, a portion of the fire derived from the 
{un being abforbed and extinguithed by- the 
vapours at the moment of their afcent. On 
the approach of night the vapours are again 
condenfed, and falling in the form of dew, 
“communicate to the air and to the earth, the 
fire which they had imbibed during the day. 
It was before fhown, that, in the regions 
near to the poles, when the vernal and fum- 
mer heats prevail, provifion is made for 
_ tempering the feverity of the winter colds ; 
quantity of elementary fire, upon the dit 
-folution of the ice and fnow, being abforbed 
by the waters, and depofited as it were in a 
great magazine, for the purpofe of mitigat- 
ing the intenfity % the cold when the Frott 
returns. ip 
From the Experiments of Hales, Halley, 
and Watfon, it appears, that vaft quantities 
of water are continually converted ' into 
vapour, by the action of the folar rays upoa 
that portion of the earth’s furface which is 
expofed tothe light. And by the celebrated 
difcovery of Dr. Black, it is proved, that, in 
the procefs of evaporation, much elementary 
fire is abforbed. It is manifeft, that this 
: Ff ae caule 
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caufe will have a powerful influence in miti- 
gating the intenfity of the heat, in the torrid 
zone, and in promoting a more equal dif- 
fufion of it throughout the earth. For a 
confiderable portion of the heat, which is ex- 
cited by the action of the folar rays upon the 
earth’s furface, within the tropics, is ab- 
forbed by the aqueous vapours, which being 
collected in the form of clouds, are {pread 
like a canopy over the horizon, to defend the 
fubjacent regions from the direct rays of the 
fun. A great quantity of elementary fire is 
thus rendered infenfible in the torrid zone, 
and is carried by the difperfion of the vapours 
to the north and to the fouth, where it is 
gradually communicated to the earth when 
the vapours are condenfed. 

It was before obferved, that the doctrine 
which is advanced in the preceding pages, 
with refpe@ to the caufe of animal heat 
and of combuftion, is the refult of the 
general fact, that the changes which are pro- 
duced in the temperatures of different bodies, 
by the application of given quantities of heat, 
are different; or, that, the quantities of 
matter being equal, the fame.quantity of heat 
which raifes oxe body a certain number of 

degrees, 
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degrees, will raife azother, a greater or alefs 
number, according to the nature of the body 
to which it is applied. This fact feems 
to have been fufficiently verified by experi- 
ment; and, therefore, the confequences which 
have been deduced from it, do not appear 
to be connected with any hypothefis refpect- | 
ing the nature of heat. 

For this reafon, I have not catered into 
the enguiry, which has been fo much agi- 
tated among the Englifh, the French, and 
the German philofophers, whether heat be a 
Jubftance ora guality, It is true, I have, in 
- fome places, made ufe of expreffions, which 
feem to favour the former of thefe opinions. 
But my fole motive for adopting this lan- 
guage, was, becaufe it appeared to be more 
fimple and natural, and more confonant to 
the facts which had been eftablithed by ex- 
periment. At the fame time, Iam perfuad- 
_éd, that it will be found to be a very difficult 
matter to reconcile many of the phenomena 
with the fuppofition, that heat is a quality. 

It is not eafy to conceive, upon this hypo- 
thefis, how heat can bé abforbed in the pro- 
ceffes. of fufion, evaporation, combuttion ; 
> how the quantity of heat in the air can be 

Pf 2 dimi-= 


436 EXPERIMENTS AND OBSERVATIONS 


diminifhed, and that in the blood, increafed, — 


by refpiration, though no fenfible heat or 
cold be produced. 


Whereas if we adopt the opinion, that 
heat is a diftinG fubftance, or an element — 


fui generis, the phenomena will be found to 
admit of a fimple and obvious interpretation. 
Fire will be confidered as a principle, 


which is diftributed in various proportions. 


throughout the different kingdoms of nature. 
The mode of its union with bodies, will 


- 


refemble that particular {pecies of chemical © 


union, wherein the elements are combined 


by the joint forces of preffure and of at- 


traction. Of this kind is the combination 
of fixed air and water ; for fixed air is retain- 
ed in water partly by its attraction, to that 
fluid, and partly by the preflure of the ex- 
ternal air; and, if either of thefe forces be 


Aminithed, a portion of the fixed air efcapes.. 


In like manner, it may be conceived, that 
elementary fire is retained in bodies, partly 
by its attraction to thofe bodies, and partly 
by the action of the furrounding heat; and, 
in that cafe, a portion of it will be dif- 
engaged either by diminifhing the -attractive 
force, ar by leffening the temperature of the 
circum- 
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circumambient medium. If this be admitted, 
it will follow, that, by the alterations which 
the air and blood undergo in the procefs of 
re{piration, the attraction of the former to 
fire is diminifhed, and that of the latter. in- 
creafed, in confequence of which the fire 
pafies from the air to the ‘blood; and that, 
in combuftion, the fire is Goatees from the 
air by the action of the inflammable princi- 
ple, in the fame manner as the nitrous acid 
is detached by the vitriolic, from an earth 
or alkali, 

If, however, fire be a fubftance which is 
fubje& to the laws of attraction, the mode of 
its union with bodies feems to be different 
from that which takes place in chemical 
combination. For, in chemical combina- 
‘tion, the elements acquire mew properties, 
and either wholly, or in part, lofe thofe by 
which they were formerly characterized. 
But I have before endeavoured to fhow, that 
we have no fufficient evidence for believing 
that fire, ‘in confequence of its union with 
bodies, does, in’ any inftance, lofe its dil- 
piel properties, 

‘I may add, in the laft place, it a table 
fhould be formed, exhibiting the compara- 

; ae ae tive 
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tive quantities of fire contained in all known 
bodies. 

Inflammable air fhould be placed at the 
head of this table, under which fhould ftand, 
dephlogifticated and atmofpherical air—the 
vapour of the nitrous acid, and probably of 
fome other fluids—arterial blood, water, &c. 

Much time, and a feries of accurate ex~ 
| periments, are ftill required, in order to the 
complete inveftigation of this fubje@t. There 
are few fubjects, however, which have a 
better claim to the attention of Philofophers. 

The proper adjuftment of heat is of the 
utmoft moment to the health and life of 
animals. An enquiry, therefore, into the 
caufes which maintain the balance of heat 
in the animal ceconomy, will probably give 
rife to improvements in the prevention and 
cure of difeafes. 

Many of the chemical arts erhistie depend 
upon a nice regulation of heat. It is reafon- 
able to believe, that thofe arts may be im-_ 
proved, and the conveniencies of life mul- 
‘tiplied, by an attention to the theory and 
operations of fire. 

' "The profecution and advancement of this 
fubjec is, moreover, calculated to extend 
| our 
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our knowledge of the fyftem of the world; 
for the operations of the element of fire hold 
a principal place in the feries of caufes, by 
which the adjuftment of the univerfe is 
maintained. As the law of gravity, com- 
bined with the projectile force, regulates the 
motions of the great bodies which compofe 
the planetary fy{tem; fo it is the repulfive 
force of fire, combined with corpufcular at- 
traction, that keeps the {maller particles of 
matter upon the furface of the earth, and 
probably throughout the univerfe, in a ftate 
of conftant fluctuation; and there is little 
doubt that the improvements of chemiftry 
will, at fome future period, difcover the 
fame exquifite contrivance in the arrange- 
ment of the more minute parts of Nature, 
which the improvements of natural philo- 
fophy have fhown to prevail i in the planetary 
- fyftem. 

I thall farther obferve, that fuch fpecu- 
lations have a direét tendency to influence 
the moral character of man. It is this, 
indeed, which ftamps them with their 
principal value; for all the other improve=— 
ments, which may be fuppofed to arife from 
the cultivation of Nature, if they were un- 

Eis accompanied 
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accompanied with a correfponding advance- 
ment in-morals, could fearcely be confidered 
as bleffings. It is furely of very little mo- — 
ment to us, that we fhould procure the means : 
of gratifying our defires, if we do not at the 
fame time acquire the habit of regulating 
them. Could the increafe of power be deem- 
ed a benefit, if it were ufed as a fcourge; or 
of wealth, if it were made the inftrument of 
corruption; .or of knowledge, if it were 
employed to deceive? 
The inveftigation of Nature is, however, — 

peculiarly calculated to inftru@ us in that 
moft important of all arts, the art of living. 
To whatever height we may afcend in tracing 
the caufes, which regulate the fyftem of the 
‘world, our views muft at laft terminate in 
an uncaufed Being, in whom all the beauty 
and order, all the wifdom and power dif- 
_ played thi roughout the univerfe, are center- 
ed, Every ftep which we advance in the 
cultivation of natural knowledge, contributes 
more firmly to eftablith ae great truth; 
becaufe it affords an additional proof of ex- 
quifite {kill and contrivance in the formation 
ef the world. By thus fhowing us the 
Deity in his works, the contemplation of 


. nature 
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nature leads to confequences, in the bigheft 
degree interefting to intellectual and moral 
agents. When we look around us, We per- 
ceive that every part of the material world is, 
governed: by general laws; and when we re- 
flect that, in this. vaft fyftem of things, a 
race,.of Beings exifts, to whom. the Deity 
has. communicated a portion of) his. intelli- 
gence and activity, we cannot avoid conclud- 
ing, that’laws muft have been ordained for. 
the government of fuch Beings, as well as 
for that of all other parts of the univerfe, 

. Indeed, an attentive obfervation of human 
Nature, clearly points out the hand of the 
Deity, prefcribing limits to the intellectual, | 
as well.as to. the material world; for, in, 
the original. feelings and judgments of the 
human mind, there are evident» traces of a 
moral law, which is antecedent to all pofi- 
tive inftitutions, and which muft confequent- 
ly haye been written on the heart of man by 
the fpirit of the Almighty: 3 
_ Moreover, in contemplating the plan of 
the univerfe, we perceive that the whole is 
arranged into one great fyftem; that an un- 
interrupted chain of connection extends. 
throughout the various clafles of Beings; 
La that 


ff. 
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that nothing in Nature is quiefcent; that 
the paft has been fubfervient to the prefent, 
as the prefent will be to the future; ina 
word, that®all things are in a ftate of pro- 
greffion, and apparently tend towards the 
accomplifhment of a great defign, which 
feems to have influenced the whole feries of 
events. fince the creation, and which proba- 
bly will not be completed, till the prefent 
{cene of things is clofed by the diffolution of 


- the material world. 


If we compare the various claffes of Be- 
ings, which fall within the reach of our 
obfervation, we perceive that intelligent and 
moral agents hold the higheft rank; and, 
confequently, of all the laws which regulate 
the fyftem of Nature, thofe that have been 
eftablifhed for the purpofe of maintaining 
harmony and order in the intelletual world, 

-muft be the moft important. 
It is thus that a juft eftimate of the value 
of the feveral objeéts which prefent them- 
{elves to our view, ina general furvey of the 
univerfe, informs us, that obedience to the 
moral law conftitutes the fupreme perfection 
of the moft exalted orders of created Beings ; 
and as confummate moral excellence is the 
a higheft | 
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higheft point of eminence, which the imagi- 
nation can-conceive an intelleCtual nature to 
attain, we are led to confider this as the firftt 


attribute of the Deity. 


Hence, in inveftigating the final caufes of 
the fyftem of the world, there are none 
which appear more important, or more 


worthy of an infinitely perfeét mind, than 


that the univerfe fhould be confidered as 
formed for the purpofes of communicating 
happinefs to fenfitive Beings, and of training 
intelle€tual and moral agents in the rudi- 


ments of wifdom and virtue. 


Indeed, the beft deductions of human rea= 


fon concur with revelation in affuring us, 


that the attainment of moral excellence is: 
the principal object of the creation. This 
it is which gives unity and perfeétion to the 


whole. We fee that a great quantity of pre- 


fent happinefs is continually facrificed to it ; 
that it is frequently purfued through danger, 
and difficulty, and diftrefs; nay, that on 
fome occafions it is fought after in the midft 
of commotions, which convulfe the frame 
of Nature, and which carry in their train 
defolation and ruin. In fine, we have rea- 


) fon to believe, that the advancement of moral 


Z _excellence 


444  ExpPERIMENTS AND OBSERVATIONS 


excellence is the ultimate point, towards 
which the movements of this vaft fyftem 
are directed; and, as it feems to have been. 


the great final caufe which gave rife to the 


creation of the material world, fo it is pro- 


bable, that it will be the principal aim of | 


the Deity in its diffolution. 7 
The tendency of fuch fpeculations to in- 
fluence the human character is obvious. In 
an enlightened age, the ftate of morals among 
anankind, principally depends upon the di- 
rection which is given to the collective exer- 
tions of genius, and of intellectual ability. 
df the efforts of genius and of intelle& be 
concentrated upon objects which are ufeful 
and important, and particularly upon thofe 
which enlarge and elevate the mind, the 
manners of the people will be virtuous ; and 
if the reverfe, they will be depraved. In 
the cultivation of natural knowledge, the 
intellectual faculties of man are employed in 
inveftigating the laws which regulate: the 
courfe of Nature, and in tracing them to 
their divine original; and nothing furely 
can have a greater tendency to elevate and 
enlarge the mind, and to add weight and 
dignity to the moral law, than refearches 
which 
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which terminate in that auguft Being, who 


is the primary caufe of exiftence, and of 
motion in the material world, and to whom 
the various orders of intelle€tual and moral 
agents, throughout the univerfe, are related 
as their Creator, their Lawgiver and Judge. 
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S it may perhaps be imagined that the 

differences between the heats im- 
parted by pure and common air, in the ex- 
periments recited in the foregoing work, 
were fo fmall that they could not be dif- 
tinguifhed with fufficient certainty; I think | 
it proper to obferve, that I have repeated 
thofe experiments with thermometers that 
have each degree of Farhenheit’s fcale, divid- 
ed into so equal parts. With a view to 
prevent the efcape of the heat, each of 
the tinned vefiels G H, IK, (fee plate II.) 
was furrounded with another tinned veftel, 
which exceeded it in breadth nearly one inch, 


_and the intermediate {pace was ftuffed with 


fine down. The mouths of the interior 
veffels were clofely covered by lids, which | 
were lined with thick flannel. 

The thermometers were inferted in the 
veffels to fuch a depth that their bulbs 
fhould reach a little lower than the center. 

An 
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An apparatus was contrived for agitating 
the water when the veflels.were covered, 
and the lids were formed in fuch a manner 
that they could be applied, after the eeences 
were immerfed. 

For the purpofe of trying the accuracy of 
the apparatus, equal quantities of common 
air were introduced into the cylinders de- 
fcribed in page 178. The cylinders were - 
heated in the manner formerly explained, 
(fee p. 186.) They were immerfed in the 
tinned vefiels, containing equal quantities 
of water, at the temperature of the at- 
mofphere, and the mouths of the veffels 
were clofed to prevent the accefs of the ex- 
ternal air. Being fuffered to remain in this 
fituation during 12 minutes, they were re- 
moved; the veflels were again covered; the 
water was agitated ; and the heats communi- 
gated were accurately obferved. 

_ This experiment was frequently repeated 
with common air in both cylinders, and it 
appeared that the deviation, in the refults 
of the different trials, was two degrees, as 
eftimated by the above-mentioned thermo 
meters, or > of a degree of Farhenheit. 
Dephlo- 


W483. #4 PP Rep POS 

Dephlogifticated air was then introduced 
anto one of the cylinders, and ‘common air 
into the-other; and it was found that when 
the former was nearly of the fame ftandard 
with that ufed in Experiment II. p. 190, 
the excefs of the heat which it ‘imparted, 
above that communicated by the common 
air, was eight degrees; and when the pureft 
dephlogifticated air was ufed, the excels. was 
nearly 13 degrees *. 

It is proper to obferve, that the agitation 


of the water was effential to the fuccefs of 
this experiment; for though the borés of © 
the thermometers were very fine, yet, in — 


order to obtain a large fcale, it was ‘necef- 
fary that the bulbs fhor aid be of a ‘confider- 
able fize. 

And hence when one of thefe inftruments 
was immerfedin water, which had a higher 
temperature than itfelf by three ‘or four de- 


* The refults of thefe experiments nearly oe 
with thofe which have been recited above. (See p. 190.) 


For the difference in favour of dephlogifticated air, by. 


my former trials, was .2, of a degree of Farhenheit; and 
eight degrees, as meafured by the thermometers, which 
were ufed in my laft experiments, are equal to 2, of a 
degree of Farhenheit minus 7. 


grees ; 


pw 


RPRREN REX ato 


gtees; if the water was kept ina ftate of 
reft, an interval of feveral minutes elapfed 
before the thermometer arrived at the exac& 
temperature of the fluid with which it was 
in contact; but if the water was moderately 
agitated, the thermometer acquired the fame 
; temperature with it in lefs than half a 
minute. 

The fcales of thefe thermometers were 
‘divided upon thin brafs plates, which were 
fixed to flat pieces of woed. The degrees 
were rendered much more diftinct by paint- 
ang black the portion of the tube that was in 
_ contact with the fcale; an improvement 
which was firft fuggefted to me by my 
worthy friend Mr. Benjamin Vaughan. . _ 


The propofition recited in page 88, 
that the comparative quantities of ab/alute 
heat in bodies, are reciprocally proportional 
to the changes produced. in their /enfible 
heats, when they are mixed together at diffe- 
rent temperatures, may be proved geometri- 
cally as follows. See figures 3 and 4,wplate 
IV. Letadcd, efg 4 reprefent the quanti- 
ties of heat contained in equal weights of two 
heterogencous bodies A and B, which have 
Gg acom- 
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acommon temperature. The temperatures 
will be expreffed by the equal lines dc, ef, 
and the capacities by ad, ef. Let B be 
raifed to a higher temperature than A, © 
and let its increafe of temperature be ex- 
prefled by the line e 4, the augmentation of 
its abfolute heat will be’ expreffed by the 
figure &/, Let the bodies now be mixed 
together, and when they have been brought 
to a common heat, let the diminution of 
temperature in B be expreffed by the line &z, 
and the increafe of temperature in A, by the 
line do. do and ki will be reciprocally 
proportional to the quantities pf heat in A 
and B, when they are brought to a common 
temperature. For £m exprefles the quan-— 
tity of abfolute heat which is feparated from 
‘By, and » d that which is added to A; there- 
‘foread =m, and confequently 47: 0d:: 
no:im. But, becaufe the figures 2 ¢ and 
é@ have the fame altitude, it will be as zo: 
imi:me:ig; therefore asnc: ig 2: 7 
od. Thatis, the quantities of abfolute heat 
in A‘ and B, when they are brought to a 
common temperature, are reciprocally pro- 
portional te the variations in their fenfible 


heats, 


#FREREN DW EX 4ST. 


heats, when they are mixed together at dif- 
ferent temperatures. : 

The comparative heats exprefs the quan- 
tities of abfolute heat when the weights and 
temperatures are equal. See definition, p. 3- 
And fince A and B have equal temperatures 
and weights,. it follows, that 2c and 7g may 
be ufed to exprefs the comparative heats. 

Hence, if we call the comparative heats 
of Aand B, Candc; and if we call the 
variation of temperature in the former x, and 
in the latter. y, it will:beas C 30:79: x; 


therefore c=, By this equation the 


comparative heats of bodies may be cal- 
culated when the quantiti¢s of matter, em- 
ployed in the experiments, are equal. | 
If the quantities of matter be unequal, 
the equation will be as follows: The capa- 
cities are proportional to the comparative 
heats. See definition, p. 7. 
Let C exprefs the capacity, or the com- 
parative heat. 
T the temperature. 
A the abfolute heat. 
Q the quantity of matter. 
Geg2 fi 


42 APPENDIX, 


It was before thown, page 11, that if a 
be given, AisasC X T; and if Cand T 


be given, A willbe as Q. That is, if the 
capacities and temperatures be equal, the © 
quantities of abfolute heat will be as the 
quantities of matter. This appears from the 4 
obfervations in page 17. If, therefore, the 


capacities, the temperatures, and the quan- 
tities of matter vary; that is, if neither C, 


T, nor Q be given, in that cafe A will be 
as C x T *.Q. . Confequently C. will be — 


as 


A 
Te” 


ciprocally as T Q. That is, if the quanti- — 


ties of abfolute heat be equal, the capacities 
will be reciprocally as the temperatures mul- 
tiplied into the quantities of matter. 


Let C and-¢ be the capacities of two 


bodies, A and B. 


g and Q the quantities of matter. 
T atid ¢ the temperatures. 


 Jewill be C:¢::Q¢:9T, and therefore | 


gee Os 
C= ay 
T 


The reader will obferve, that as the capa-_ 
cities are fuppofed to be permanent, ¢ and 
T exprefs univerfally the variations of tem-. 


2 perature | 


and if A be given, C will be re- 
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perature which are produced by the addition 
or feparation of equal quantities of fire; for 
thefe variations, multiplied into the quanti- 
ties of matter, will always be reciprocally 
proportional to the capacities; and fince 

‘when two bodies are mixed together at dif 
ferent temperatures, the fire which is fepa- 
rated from the warmer is the fame with that 
which is added to the colder, ¢ and T may 
be ufed to exprefs the variations of tempera- 
ture produced by the feparation and addition 
of this fire. Hence ¢ and T have the fame 
value with y and xin the foregoing equa 


tion, wna therefpre..C = LS By this 
equation the comparative Hida may be cal- 
culated when unequal quantities of matter 
are employed in the experiments. 

An equation for calculating the loweft 
degree of heat may be obtained as follows : 
See fig. 5, plate IV. Let e& reprefent the 
whole quantity of fire contained in a body 
A, and let eg reprefent its capacity, and ef — 
its temperature eftimated from the loweft 
point. Let this body be fuppofed to have 
its capacity diminifhed by a change of form, 
and after the change let the capacity be re- 

Ge 3 prefented 
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prefented by the line d a, its temperature by © 
dc, and the quantity of fire which it con- 
tains by dd. If the body be fuppofed not 
to be in contact with any other body which 
can communicate elementary fire to it, or 
feparate that principle from it, the quanti-. — 
ties of fire before and after the change will 
be equal; that is, d 4 will be equal to e 4, 
and dg =e.c, therefore eg—gb:gh:: 
db: he that is, the difference of the 
capacities before and after the change, is to 
the capacity, after the change, as the fenfi- © 
ble heat produced, is to the whole number 
of degrees of heat which the body contained, 
Hievioey to the alteration in its form. 
| Let therefore C exprefs the capacity before 
the change, 
_¢ the capacity after the © 
change. , 
7 the fenfible heat Sesauceal 
| _S the whole number of de- — 
grees of heat (previoufly to the change) efti- © 
mated from the point of total privation. 
‘Then C—c:e::/:5. 


cl 
Therefore S = eemys 


By © 
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By this. equation we may calculate the 
loweft degree of heat, if the fenfible heat, 
which a body produces, in confequence of 
achange of form, and the capacities before 
and after the change, be given. 
. There is reafon to believe, from the ex- 
periments of Dr. Irvine, that the fenfible 
heat or cold produced by mixing bodies 
together at the fame temperature, in confe- 
quence of a chemical action, arifes from a 
- diminution, or an increafe, in the fum of 
the capacities. The loweft degree of heat, 
as deduced from fuch experiments, may be 
calculated in the following manner; _ 
. Let the quantities of matter mixed — 
mF us be equal. 
Let C + ¢ be the fum of the capacities 
before the mixture. | 
K + & the fum of the capacities after 
the mixture. | 
Then Cto—Kys:K44::/:8 
. K+k-/ 
aE ie ear == be 
2. Let the quantities of matter mixed 
together be unequal, and let Q and g be the 
quantities of matter. 
Gg 4 Then 
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Then CQ4¢g—KQ¥8q:K Q+ 


KOQ+kg.h 
Aid Ee dss 
kq::.:,,.5.an COP CGR OLTG, =F 


Hence, if two bodies, which produce — 


fenfible heat or cold by chemical action, be 
mixed together at the fame temperature, and 
if the quantities of matter, the capacities | 
before and after the mixture, and the fenfible’ 
heat or cold produced, be given by experi< 
ment, the loweft degree of heat will be 
known by calculation. 

It was before obferved, that the queftion 
refpecting the chemical combinatiom of fire 
with bodies would be refolved, if a feries of 
accurate experiments were inftituted, in Of- 
der to difcover the changes of capacity which 
arife from alterations of form in different 
bodies, together with the quantities of Heat 
and cold produced by thofe alterations. 

If it be found that the loweft degree of 
heat, as’calculated from fuch experiments is 
- conftant, it will follow that heat does not, 
in any cafe, enter into a chemical union with 
bodies, and confequently that the fenfible 
heat or cold which they produce, when they: 
undergo a change of form, arife folely from 

- alerations 
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alterations of capacity; but if the loweft 
degree of heat be not conftant, we may in- 
fer that a part of the heat, which is abforb- 
ed by bodies, when their capacities are in.’ 
creafed, enters into a chemical union with 
them, and Jofes its diftinguifhing properties. 

The following feries of well conduéted 
experiments, which were communicated to 
me by Mr. Gadolin, Profeffor of Chemiftry 
at Abo, in Sweden, feem to afford a ftrong 
prefumption that the loweft degree of heat 
is con{tant. 


Refults of Mr. Gadolin’s Experiments on the 
abfolute heat of Bodies, publifhed in the 
Memoirs of Stockholm for 1784. 


The capacity of fnow is ftated by Mr. 
. Magellan, in his Effay on Fire, to be to that. 
of waterasgto10. Taking this for grant- 
ed, I, by direct experiments, found that 
fnow, in melting, deprives an equal weight 
_ of water of about 89 degrees of heat accord- 
ing to Celfius’s ghermometer. This being 
equal to y's of the whole quantity of heat 
contained in water at the melting point, I~ 
concluded that.this whole quantity is equal 

to 
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to 800 degrees according to Celfius, or that 
the loweft point of the thermometric {cale is 
fituated at the 800th degree below o. This 
converted into degrees of Farhenheit, gives | 
1408 degrees below o for the place of the 
loweft point *, | 

By direct experiments I alfo meafured the 
- capacity of common falt, as well as its folu-_ 
tions in different proportions of water. Thus 
I found the comparative heat of criftallifed 
common falt to be s 0,226, 
that of a faturated folution (con- 

taining 372 parts of falt, united 

with 1009 parts of water) + 0,793, 
that of a folution containing falt and 

water in the proportion of 3 tog 0,820 


* The experiments made by me, at that time, gave 80,6 
degrees for the heat abforbed by {now during its converfion, 
into water, accordingly the number of degrees from 0 to 
the loweft point fhould have been 806 according to Cel- 
fius, or 1419 of Fahrenheit ; however I preferred 800 as 
‘a more even number. In repeating thofe experiments I 
have afterwards found that the heat abforbed is fomewhat 
greater, viz. 81,2 degrees according to Celfius; whence, 
fuppofing the proportion of the capacity to be the fame as 
Q: 10, it would follow that the abfolute degrees are 812 
below o of Celfius’s thermometer, or 1430 below o of 
Fahrenheit. 


that 
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that of a folution - 2to 10 0,866 
1,56 to 10 0,908 
| Ito 10. 0,936 
ca of water being fuppofed equal 


to - 


~ 1,000 

To find out the comparative heats of the 
faline folutions, I made ufe of a piece of cop- 
_ per, which I either heated or cooled in thofe 
folutions. As for the criftalline common 
falt, I tried it by mixing it, when finely 
powdered, with a faturated folution. 

To compare the difference of the com- 
parative heats with the colds produced dur- 
ing the folutions, I made the following” 
experiments. 

Exe. I. With 10 parts of water, contain- © 
ed in a tinned veflel whofe capacity was _ 
— 0,6, their common temperature being 
= 20° (Celfius’s,) five parts of common 
falt reduced toa fine powder, whofe tem- 
perature was 21,°2, were mixed. After the 
{olution the common temperature was found 
to be 13,°58. 

Here the whole quantity of heat, before 
the folution, was equal to 10 x 820,8 + 0,6 
ge Uan,e t 5 x 0,226 * 821,99 and the - 
whole quantity of heat after the {folution, 

| {uppofing 
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fuppofing the capacity of the faturated folu~* 
tion = X, will be thus expreffed *. 
ies x ee ota 0,226 x 
818 568 #056 * 3155'58% 
If, during the folution, no part of the 
heat was chemically bound, this laft ex- 
preflion muft be equal to the former; which 
being fuppofed, the value of X will be found 


equal to 
ge 10,6 820,8 4 5 0,226 %B21y2-- 128 X 0,226 % 818,68 40,6 818,08 


3972 X 328,58 
= 0,7926; which exactly coincides with the 
comparative heat found out for the faturated, 


folution, 0,793. 


The fame experiment was repeated thus ; 

Exp. If. In aveffel, whofe capacity was 
0,7; 14,5 parts of water were mixed with 
§,5 parts of falt ; the common temperature 
before the mixture being 19°,5. The com- 
mon temperature after the folution was 
16°,95. Ifthe calculation from this experi- 
ment be inftituted as from the foregoing, we 
find X = 0,7927. 


* As ro parts. of water are able to diffolve 3572 parts of 
common falt, it follows that the mafs, after the mixture, 
contains 13,72 parts of faturated folution, and 1,28 parts 
of undiffolved commion falt. 


EXP. 
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Exp. HI. 3,5 parts of common falt was 
put into a glafs vefiel, whofe capacity was. 
1,2, their common temperature being 23°. 
-To this was poured 10 parts of water, heat- 
ed to 40°,84; and the common temperature 
_after the mixture was found to be 35°,65. 

From this experiment the capacity of a 
folution of 3,5 parts of falt, in 10 parts of 
water, may be computed, and it will be 
found equal to 0,802; that is, lefs than the 
capacity of a folution, containing three parts 
_of falt, and 10 of water, but greater than 
the capacity of a faturated folution. 

Exp. IV. In the veffel, whofe capacity 
1,23 4,5 parts of common falt were mixed 
with 15 parts of water, the common tem- 
perature before mixture being — 23°; that 
after mixture was 20,54. If the capacity of 
this folution be computed from this ex- 
periment, it will alfo be found very nearly 
equal to 0,824. 

Exp. V. Two parts et falt and 1o parts 
of water were mixed together in a veffel, 
whofe capacity = 0,7; the common tem pera- 
ture before mixture was 20,51, and that 
after folution 18,65; whence the capacity of 


the 
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the folution will, by computation, be found 
= 0,873; the obferved was 0,866. 

Exp. VI. Ten parts of water wete mixed 

with one part of falt, in a veffel whofe 

~ capacity was — 1,2. ‘The temperature be- 
fore mixture was 21,53, and that after mix- 
ture 20,25. ‘The capacity of the folution 
calculated from this experiment will alfo be 
nearly = 0,932. ; / 

Exe. VII. To the folution (Experiment 
VI.) remaining in its veffel one part more 
of the falt was added, the common tempera- 
ture being 21°,52; the temperature after the 
mixture was 20°,99. Hence, fuppofing the 
comparative heat of the weak folution 
= 0,932, that of the new folution will by 
computation be found = 0,873 nearly; which 
agrees with what was computed from Ex- 
periment V. 

Exp. VIII. To the folution made in 
the Experiment VII. one part of falt was 
added, the temperature before the mixture 
was 21°,75, and after the folution 21°,4¢. 
Hence the capacity of the weaker folution 
being fuppofed = 0,873, that of the new 
made, containing three parts of falt united 
with 10 of water, will by computation be 


found 


i 
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found — 0,824, agreeably to the calculation 
made from Experiment IV. 

To try how the mixture of falt folutions 
with water would agree with thofe obferva= 
tions, I made the following experiments. 

Exp. IX. Ten parts of faturated falt folu- 
tion was mixed with 19,7 parts of water, 
the temperatures of both being = 19°,6; the — 
temperature of the mixture was found 
= 18°95. 

If the capacity of the faturated folution is 
©,793, that of the diluted in thefe two ex- 
periments, (which confifts of one part of 
falt and 10 parts of water) will by computa- 
tion be found = 0,932; which coincides 
with the refult of the calculation made 
from Experiment Vi. 

Exp. X. Equal parts of faturated folution 
and water were mixed together at the tem- 
perature of 21°,4; the temperature of the 
"mixture was 20°,75. This mixture contained 
1,56 parts of falt diffolved in io parts of 
water, and its capacity calculated from the 
experiment, fuppofing the capacity of the 
faturated folution = 0,793, will be found 
-— 0,896. The capacity of an equally diluted 


{olution 
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folution was by direct experiments found to 
DE DOS ctaiaN ? 

The following table exhibits the refults 


of the foregoing experiments in one view. 


Theexperiments Proportion of | Computed  Obferved Difference. 


recited. falt and water. capacity. capacity. 
Is 25 3372 - IO 0,793 95793 ©,000 
ee 2,5 410, (O,bee cae 


1s BOs 3) 3 LO 0,604.5 0,020 5 0.0mm 
bys ee 2.10: .0;572 . 0,500 7 oopee 
10 1,56: 10 0,896 0,905—0,009 
O05 I 2:10 0,932 0,936—0,004 


In all thefe experiments the compara- 
tive heats of the mixtures, calculated from 
the comparative heats of the mixed bodies, 
and their changed temperatures, agree per- 
fe€tly with one another, and very nearly with 
the obferved comparative heats. It, therefore, 
feems to be beyond all doubt that the colds 
produced are intirely owing to the changes 
of the comparative heats, and that no part of 
the heat here has been chemically combined. 

With a view more fully to inveftigate this 
fubje&t, I thought it proper to make fimilar 
experiments with oil of vitriol and water, as 
the heat produced during their mixture is 
very confiderable., 


by 
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By direct experiments I found the capa- 
cities of concentrated dephlogifticated oil of 
vitriol to be - ° 053395 
Of four parts of concentrated oil of 

vitriol mixed with one part. of , 

water - id i 0,442, 
Of concentrated oil of vitriol and 

water mixed in the proportion of 

2/{o I, - - 0,500, 
Of concentrated oil of vitriol and 

water mixed in proportion of 
, - 2 Ifoch, 70,000, 
1O"2, 057495 
—— rms T 10'S, * 0,970, 
I tO 10, 0,925. 

In thefe experiments the acid was includ- 
ed ina thin glafs bowl, which, being heated 
in warm water to acertain degree, was cool- 
ed in a given quantity of cold water. The 
capacity of the glafs bowl, as well as that of 


the veflel, was by previous experiments found 


out, and due corrections accordingly made. 
The heats produced during the mixtures 
were obferved in the following experiments. 
Exp. I. Four parts of concentrated oil of 
vitriol were mixed with one part of water, 
_ Hh their 
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their temperature before the mixture being 
12°, that after the mixture was 119°,5. 

Here the heat before the mixture (the 
capacity of the concentrated acid being fup- 
pofed = 0,339) is =4% 0,339 +1 x 812; 
and that after the mixture (the capacity of © 
the mixture being called X) is=5 xXx 
919,5; therefore, if no alteration in the 
quantity of the heat took place during the 
mixture, thefe expreflions muft be equal; 
from thence X ='0,416, the obferved com- _ 
parative heat of this diluted acid was 0,442 ; © 
and if in the equation 0,442 be placed in- 
ftead of X, the value of the capacity of the 
ftrong acid will, by calculation, be found 
equal to 0,372, inftead of 0,339. 

Exp. If. ‘T'wo parts of concentrated acid 
were mixed with one part of water at the tem- 
perature of 11°,13. The quickfilver in the 
thermometer rofe to the 124th degree. 
Hence, if the capacity of the concentrated 
acid be fuppofed — 0,339, that of the dilut-— 
ed will, by computation, be found = 0,491 ; 
the obferved was 0,500. Again, if the 
capacity of the diluted acid in this experi- 
ment be fuppofed = 0,500, that of the con- 

centrated 
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centrated will, by calculation, be found — | 
©5354 

Exp. III. Equal parts of concentrated 
acid and water were mixed together at the 
temperature of 10° »53 the mixture acquired 
a temperature of 100°. Hence, fuppofing 
the capacity of the concentrated acid = 0,339, 
that of the diluted will, by computation, be 
found = 0,603. Its obferved capacity was 
0,605; and if this be fuppofed to be the true 
capacity, the computed capacity of the con- 
centrated acid is 0,344: here, therefore, the 
deviation is very inconfiderable. 

- Exp. IV. One part of concentrated acid 
being mixed with two parts of water at the 
temperature of 10°,25, the temperature of 
the mixture was 70°, By affuming the capa- 
city of the concentrated acid — 0,339, that 
of the diluted will, by computation, be 
' = 0,726; but by afluming this = 0,749 (as 
it was obferved) that of the concentrated 
will, by computation, be = 0,413, 
Exp. V. One part of concentrated acid 
“being mixed with five parts of water, at the 
temperature-of 10°,25, that of the mixture 
was 38,26. If the capacity of the con- 
centrated acid is fuppofed = 0,339, that 
me computed 
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computed for.the diluted is 0,860; and the 
obferved was 0,876, which being fubftituted, 
that of the concentrated will be computed to 
0,430. 

Exp. VI. One part of concentrated acid 
being mixed with 10 parts of water, at the 
temperature of 9°,5, the temperature of the 
mixture was 24°,75. Hence the computed 
capacity, of the mixture is 0,923, if that of 
the concentrated acid is fuppofed = 0,339; 
but if the former is fuppofed = 0,925, the 
computed capacity of the concentrated acid 
will become = 0,367. 

As in thefe experiments the computed 
capacity of the mixtures conftantly are lefs 
than the obferved ones, and onthe other fide 
the computed capacity of the ftrong acid ' 
conftantly greater than the obferved, one 
may be apt to think that here really by the 
mixtures new quantities of heat are produced, 
that were not to be found in the mixed 
liquids, before the mixtures, if not chemi- 
cally combined therein. But when I confi- 
der that this difcordance is likewife a confe. 
quence of the error that my manner of 
obferving the comparative heats of the acids 
might have led into, I think it is more like- 


ly 
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ly to attribute the anomaly to this caufe. 
Then as the conducting power of con- 
centrated vitriolic acid is very weak in pro- 
portion to that of water or a weaker acid, 
it may eafily be fuppofed that the capacity 
obferved for the concentrated acid was greater 
than what was found by direct obfervation. 
That the whole deviation of the calculated 
from the obferved capacities is owing to 
fome errors in the latter, is fo much the 
“more probable, as in fome of the following 
experiments, (Experiments VII. VIII. IX.) 
the deviations have fallen out in a different 
way quite contrary to the opinion of a new 
produced heat. 

Exp. VII. Five parts of diluted vitriolic 
acid (confifting of four parts of concentrated 
acid, and one part of water) were mixed 
with three parts of water, at the temperature 
of 10°,5; the temperature of the mixture 
was 49°. If nowthe capacity of the acid em- 
ployed, be fuppofed = 0,442, that of the mix- 
ture will, by computation, be found = 0,622 ; 
but the obferved capacity of this acid, con- 
fitting of equal parts of concentrated acid 
and water was 0,605; and if this be fup- 
pofed to be its true value, the capacity of 

| i 4 the 
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the acid ufed, will, by computation, be =. 
0,414, vz. lefs than what was obferved. 

Exe. VIII. 0,128 parts of the fame acid 
(ufed in Experiment VII.) were mixed with 
one part of waterat the temperature of 11°,15; 
the temperature of the mixture was 18,77. 
The computation gives 0,928 for the capa- 
city of the mixture, if that.of the ufed acid 
is fuppofed — 0,442; but if the former is 
fuppofed = 0,925, the latter will, by com- 
putation, be found equal to 0,416. 

Exp. IX. 0,158 parts of acid (confifting 
of two parts of concentrated acid, and one 


part of water) were mixed with one part of — 
water at the temperature of 10°5; that of — 


the mixture was 15°,5. Here the capacity 
of the mixture will.be found = 0,928, and 
that of the ufed acid 0,492, when calcula- 
tions are made, fuppofing in the former cafe 


that of the latter acid to be 0,500, and in | 


the latter, the capacity of the mixture to — 


be-osgiigs 


Exp. X. Two parts of acid (confifting of — 


equal parts of concentrated acid and water) 


being mixed with one part of water, at the © 


temperature of 12°; that of the mixture was © 
19°43. Hence the computed heats of the « 


y 


Ba 
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~ uled acid and the mixture are 0,634, 0,730; 
the obferyed capacities were 0,605, 0,749. 
Exp. XI. One part of the fame acid (as 
- that ufed in Experiment X.) being mixed 
with two parts of water, at the temperature 
of 12°,6, that of the mixture was ae 
here the computed capacities are 0,644, 
0,863; the obferved were 0,605, 0,876. | 
Exp. XII. Two parts of the fame acid 
(Experiment X.) being mixed with nine~ 
parts of water, at the temperature of 12,45 
that of the mixture was 15°,15. Therefore 
the computed capacities are 0,605, 0,925; 
which perfectly coincides with the obferved 


© Ones. 


Exp. XIII. One part of diluted vitriolic 
acid (confifting of one part of concentrated 
acid, and two parts of water) being mixed 
with one part of water, at the temperature 
of 12°,25; the temperature of the mixture 
was 14°. Hence, if the capacity of the 
-ufed acid is fuppofed = 0,749; that of the 
mixture will, by computation, be found 
= 0,873; and, again, if the latter is fup- 
pofed = 0,876, the former will be = 0,756. 
_ The differences between the calculated 
and obferved capacities are not greater 
| Hn 4 than 
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than thofe which may be fuppofed to have 


arifen from the errors committed in finding 
out the latter ; nor can they eafily be account- 
ed for otherwife, as they are fomewhat irre~ 
gular, the excefles being fometimes on one, 
fometimes on the other fide. However it may 
be a little more fatisfactory to point out the 
capacities corrected by approximation from 
the experiments mentioned. 

The capacities may be more nearly approxi- 
mated, by taking a medium between the value 
of the capacity of each acid, found by com- 
putation from the experiments made with it, 
and its value pointed out by direct obferva- 
tion. Thus I find the corrected capacities 
to be the following. 

The capacity of concentrated acid 0,360 
Of concentrated acid and water 
in the proportion of — - 


A 3 TS°0;429 
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ere qrumamrracs fries Sho 
oer a ee en res 

1e* "s 0,871 
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Thee values agree, 7 Baie very nearly 
with the true capacities of the acids. Iwill, 
therefore, {uppote them to be the true values, 


and 
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and, from this fuppofition, make calculations 
for the heat that ought to have been pro- 
duced by the mixtures made in the above- 
mentioned experiments, if this heat was 
caufed only by the changes of capacities ; 
that is, if the whole quantity of heat was 
the fame before and after the mixture; the 
loweft point of the thermometer at 800° be- 
low o; and if the capacities of the con-_ 
centrated and diluted acids exactly agree 
with the values juft exhibited. 

Then I find that the temperature of the 
mixture, in the 1{t Experiment, ought to have 
been, §123°,7 inftead of 119°, 5 as obferved. 


ae Exps 1 77;6 ~ 124 
gd.Exp. 99,1 ~ 100 
A Exps §7,¢ PR 
sth.Exp. 31 ~ 20 ,2'¢ 


6th.Exp. 24,22. - 24,75 
7th.Exp. 5033 - 49 
Sthvexp.) 20;% Saude cog 

In the other experiments, the heats pro- 
duced are fo fmall, that they cannot be ex-~_ 
pected to be determined by calculation, with 
any degree of precifion; for the leaft devia- 
tions in the expreflions of capacities, produce 
very confiderable errors in the calculated 


degrees 
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degrees of heat. Therefore, however de- 
viating the above-mentioned computed fen- 
fible heats are from the obferved ones, ftill 
I look upon them as very nearly anfwering 
the expectation. Then very fmall.corre¢tions 
of the capacities may make them perfectly 
agree with the obfervations. 

Having found that the doGrine of capa- 
- cities fo wel] agreed with the phenomena of 
cold produced by folutions of common {alt 
in water, I was defirous to know how far 
the cold, produced by mixing falt and {now, 
could be accounted for, from the fame 
principles. 

As it is well known, that when cold 
arifes in a faline mixture, this, from a 
ftate of drynefs, grows humid, or is entirely 
converted into a liquid folution; [ had no 
doubt but that this converfion into a liquid 
ftate, and the increafe of capacity arifing 
from it, was the caufe of the cold produced, I 
was confirmed in this opinion by the follow- 
ing obfervations. In.every mixture of falt 
and fnow, there is a maximum of producible 
cold, or there is a certain degree. determina- 
ble on the thermometric {cale, beyond which 
no farther cold, by a given mixture of falt 

A and 
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and {now, can be produced. If the falt as 
well as the fnow, before the mixture, are 
cooled below that point, there is no cold 
produced, and the particles of the mixed 
bodies continue unalterated in their dry 
ftate. If the fame mixture, by means of 
heat, is converted into a liquid {folution, 
and afterwards expofed toa degree of cold 
below that point, it will loofe its liquidity, 
and be converted into folid ice. From 
thence it is evident, that the loweft point of 
cold, producible by a faline mixture, is the 
freezing point of that mixture; and as, at 
that point, no liquefa€tion can take place, the 
caufe of the production of cold is removed. 
So I found that common falt and fnow mixed 
together produced a cold of —2:°; (or — 
5°,8 according to Farhenheit’s thermometer) 
that a faturated folution of this falt and wa- 
ter, when expofed to the free air in a lower 
temperature than — 21°, was partly frozen, 
and madeathermometer, immerfed in it, rife 
| to —21°, and that the falt and {now mixed 
in any temperature below that degree, con- 
tinued unaltered, as to their exter nal a appear- 

ance, and produced | no cold at-all, 
Although 
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Although thefe general facts perfectly 
agreed with the theory, yet I did not look 
upon them as fully convincing, till I, from 
more determined phenomena, was able to 
make computations for the cold produced, 
as well as for the variation of the capaci- 
ties. Accordingly I mixed 1,75 parts of 
fnow, and 0,625 parts of common falt, 
their common temperature before the mix- 
ture being —7°,5, in a thin globe of glafs, 
whofe capacity was 0,35. This globe was 
immediately put into a veffel filled with 
24. parts of water, (where to avoid prolixity 
I have included the capacity of the veffel) 
heated to a temperature of + 21°. When 
the faline mixture was melted, and after it 
had ceafed to communicate any farther cold 
to the water, the common temperature was 
obferved to be + 15°,25. Now the capacity 
of the water being 1, that of the fnow o,9, 
that of the common falt 0,226, and that of 
the folution (as it contained 2,8 parts of wa- 
ter to 1 part of falt) 0,8; and the loweft 
point of the thermometric fcale being fup- 
pofed to be fituated at — 800°, I had the 
whole quantity of heat contained in the ma- 
terials before the mixture, equal to (1,75 

x 0,9 


~~, 


* : {3p ~t 
———— 


2 
C4 


BP RRND 1X, gy 


y¢ 0,9 + 0,625 x 0,226 + 0,35) x (800— 
Pell 34 bed =29551°,5; but the um 
of the capacities, after the mixture, are equal 
MESA +2597 Xi Os0,F 0,96. — 20.255.con~ 


‘fequently the common temperature after the 


mixture ought to have been i DSS Dee 
30525 
= 815°,21, or 15°,21 above the freezing 
point, which does not perceptibly deviate 
from the obferved temperature of 15°,25. 

The reader will perceive that the loweft 
degree of heat, as. determined by thefe ex- 
periments of Mr. Gadolin’s, is only 1400 
below the beginning of Farhenheit’s {cale. 
From the experiments with pure and in- 
flammable air recited above, the point of 
total privation appeared to be nearly 1500 
degrees below the zero of Farhenheit. 

It is proper, however, to remark that the 
capacity of a mixture of oil of vitriol and 
water, is fomewhat increafed by an augmenta- 
tion of temperature; and if allowance be 
made for this circumftance, in Mr. Gadolin’s 
experiments, the refults will nearly coincide 
with thofe of the experiments on the com- 
buftion of pure and inflammable air. 

That 
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That the capacity of a mixture of oil of 
vitriol and water is increafed by an augmenta- 
tion of temperature, is proved as follows. 

1. More fenfible heat is produced by 
mixing oil of vitriol and water, or ftrong 
and weak fpirit of vitriol at a low tempera- 
ture, than by mixing them ata high tem- 
perature. Thus I have found that when 
ftrong and weak fpirit of vitriol were mixed 
fucceflively at the temperatures of 50, of 
110, and of 212, the quantities of fenfible 
heat produced were uniformly diminifhed, 
in proportion as the temperatures were in- 
creafed. Strong and weak fpirit of vitriol 
are better adapted for thefe experiments, 


than oil of vitriol and water, becaufe when 


the latter fluids are mixed, a confiderable 
evaporation is produced. 


Mr. Cavendith was, I believe, the firft 


who difcovered that fpirit of wine and water — 


excite lefs fenfible heat, when mixed at a 
high, than at a low temperature. I have 
found that the fame thing happens when 
{pirit of wine and oil of vitriol, and likewife 
when cauflic alkali and water, are mixed at 


different temperatures. Thefe facts render 


it probable, that the compounds, which are 
: produced 
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produced by the chemical union of thofe 
fubftances with each other, have their capa- 
‘cities increafed by augmenting their fenfible 
heats; for if, in fuch experiments, the 
_ capacity of the compound be increafed by 
augmenting its fenfible heat, it will be lefs 
heated by the application of a given quantity 
of fire, ata high, than at alow temperature. 
2. When fubftances which produce heat 

by chemical ation are combined together, 
the denfity of the compound is greater than 
the mean denfity of the ingredients. ‘This 
has been called by Mr. Kirwan the accrued 
denfity.. Now it appears by experiment that 
the accrued denfity of fpirit of wine and 
water, and of oil of vitriol and water, is 
ereater when they are mixed at a low than 
ata high temperature. The truth of this 
conclufion, at leaft as far as relates to fpirit 
of wine and water, is clearly proved by the 
experiments of Mr. De Luc. From thofe 
‘experiments it appears, that the expanfions 
-of a mixture of water and alcohol, have an 
‘increafing progrefs compared with the mean ~ 
expanfions of thefe fluids in their feparate 
-ftate ; and confequently the accrued cenfity 
muft diminifh, or the denfity of the com- 

| : pound 
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pound muft approach more nearly to the 


mean denfity of the ingredients, 1n propore 
tion as the temperature is increafed. 

I have alfo found, that when oil of vitriol 
and watér are mixed at a high temperature, 
the increafe in the denfity of the compound 
is lefs than when they are mixed at a low 
temperature. 

Since, therefore, the accrued denfity of 
weak fpirit of vitriol, as well as that 
of a mixture of alcohol and water, is dimi- 
nifhed by an augmentation of temperature ; 
and fince the accrued denfity, and the dimi- 
nution of capacity, are effects which pro- 
ceed from the fame caufe, that is from 
chemical action, there is reafon to believe 
that thofe effeéts will, in fome meafure, 
correfpond with each other; and confe- 
quently, in proportion as there is lefs 
accrued denfity, there will be a lefs dimi- 
nution of capacity. If this be admitted, it 
will follow that the compounds, which are 
produced by the chemical union of alcohol 
and water, and by that of {pirit of vitriol 


and water, have their capacities fomewhat 


increafed by an augmentation of tempera- 
ture. 
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3. That weak fpirit of vitriol has its 
capacity increafed by augmenting its fenfible 
heat, is confirmed by direct experiment ; 
for when equal parts of. diluted {pirit of 
Vitriol are mixed together at different tem- 
peratures, the temperature of the mixture is 
greater than the arithmetical mean; and 
- confequently, the capacity of this fluid muft 
be increafed by augmenting its temperature, 
as appears from Propofition il. page 59. 

If allowance be made for this circum- 
ftance, the refults of Mr. Gadolin’s Experi- 
ments will be found nearly to coincide with 
thofe which have been deduced from the 
experiments on the combuftion of pure and 
inflammable air. There is, therefore, the 
utmoft reafon to believe that the loweft de- 
gree of heat, or the point of total privation, 
as calculated from trials upon different bodies, 
according to the role propofed by Dr. 
Irvine, is conftant; and it is probable that 
this point is nearly 1500° below the begin~ 
ning of Farhenheit’s icale. | 
tis proper, however, toobferve, that we 
cannot as yet be afiured that the loweit de- 
gree of heat is determined with perfect pre- 


cifion ; for though, from fimilar trials. which - 
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I have myfelf made, I am convinced that 
Mr. Gadolin’s experiments are nearly ac- 
curate; and though thefe experiments do 
not materially differ in their refults from the 
trials with pure and iiflammable air related 
in the former part ef this work; yet, in 
order to arrive at a fuflicient degree of pre- 
cifion in a fubject of fuch delicacy, it is 
neceflary that we fhould take the mean re- 
fult of an extenfive feries of experiments 
made with a view to determine the changes 
of capacity which arife from alterations of 
form in a variety of different bodies, to- 
gether with the quantities of heat or cold 
produced by fuch alterations, 

As the method of inveftigating the begin- 
ning of the fcale of heat was originally pro- 
pofed by Dr. Irvine, I was unwilling to in- 
terfere with him in the folution of this curi- 
ous problem. I have, therefore, hitherto: 
avoided entering into this fubject more mi- 
nutely than was neceffary for the illuftration 
of the principles contained in the foregoing 
pages. But as that. Gentleman is lately de- 
ceafed, and as the queftion is not yet deter- 
mined in a manner that is altogether decifive, 
I mean in future, if it pleafe God to grant 
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me hife and health, to make it the object of 
my particular attention. 

I have endeavoured, in the courfe of the 
foregoing work, to mark with as much 
fidelity and accuracy as poffible, the improve- 
ments which were made by Dr. Black and 
Dr. Irvine, in the doGrine of heat, before I 
began to pay attention to this fubject. The ~ 
following is, I believe, a correct ftatement 

of the progrefs of thefe improvements, as 
far as they relate to the inveftigation of the 
comparative heats of bodies. 

Dr. Black was the firft who concluded from 
Farhenheit’s experiment, recited in page 86, 
that mercury and water have different capa-~ 
cities for heat. In purfuance of this idea he 
made experiments to determine the com- 
parative heats of various fubftances. It is, 

therefore, to that Philofopher we are ine 
sdebted for our knowledge of the general 

fact, that the capacities of bodies for heat 
are different. 

Dr. Irvine inferred from this fact, com- 
pared with the difcovery of latent heat, which 
had previoufly been eftablifhed by Dr. Black, 
that the capacities of fluid bodies are greater 
than thofe of the fame fubftances when they 

, Live are 
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are changed into folids. This inference, | 
which he afterwards confirmed by ex- 
periment, led him to the difcovery of the 
rule for afcertaining the loweft degree of 
heat ;.and upon the fame principles he ex- 
plained the caufe of the heat which is pro- 
duced by chemical mixture. | 

It has been infinuated that I publithed, 
in a former edition of this work, a part of 
the difcoveries made by Dr. Irvine, without 


acknowledging the author. Thefollowing . 


letter, which I received from that Philo- 
fopher, in the year 1780, will prove the 
falfhood of fuch infinuattons. 


Jae eS 


«* As from fome caufe or another, probably 
from the miftakes and mifapprehenfions of 
people ill-informed in the fubject of our re- 


fearches, I have been reprefented as the_ 


author of the dodtrines concerning heat in™ 
your late publication; I take this oppor- 
tunity of fignifying, that I lay no claim to 
the difcovery that atmofpherical air contains 
more abfolute heat than fixed air, upon 
» which the doGtrines of animal heat and in- 
flammation; explained in your book, fo im- 


9 mediately 
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mediately depend. I likewife lay no claim 
to the general fact concerning the increafe 
or diminution of the abfolute heat of bodies, 
in confequence of the feparation or addition 
of phlogifton, which is contained in your 
book; and in general there is nothing in 
your publication on Animal Heat, and the 
Inflammation of Combuttible Bodies, that I 
lay any claim to, which you have not in that 
work already afcribed to me. 


Glafgow College, ‘© Tam, 
jan. 27,1780. ‘** Your humble fervant, 


(Signed). W. IRVINE.” 


The Propofition enunciated in page 59, is 
ftrictly deduced from the definition which 
has been given of a permanent capacity ; fee 
p. 53. In that definition are included all 
- thofe cafes, in which equal variations of tem- 
perature are produced by the addition or 
feparation of equal quantities of abfolute 
heat. If, however, a permanent capacity 
fhould be differently defined; if we fhould 
- reftri€t this expreffion to thofe cafes only in 
which no heat is abforbed or evolved by a 

variation 
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variation of temperature, or in which the 
ordinates, reprefenting the capacities in dif- 
ferent parts of the fcale, are equal to each 
other, the above-mentioned Propofition 


~ would not be univerfally true; for we can 


readily fuppofe that when heat is communi- 
cated toa body, a part of it may be abforbed, 
and a part may become {fenfible; ‘and the 
proportion between the part which is ab- 
forbed, and that which becomes fenfible, 
may be conceived to be fo adjufted, in dif- 
ferent temperatures, that an equal effeé fhall 


be produced, or that the fame quantity of 


abfolute heat, which, raifes the body one or 
two degrees, at a given temperature, fhall 
raife it an equal number of degrees at all 
other temperatures. 

In this cafe the capacity would be per- 
manent, according to the firft definition 
which I have given of that quality in bodies ; 
but, by the fecond definition, it would be 
an increafing capacity. 

It is plain, however, from the refults of 


the foregoing experiments on the loweft de- 


gree of heat, that if, in particular inftances, 
the capacities vary according to the law 
which has been now ftated, the effects pro- 
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duced are nearly the fame as if no fuch 


variation took place. ; 

I have obferved in page 33, that if, in 
the experiments with warm and cold water, 
the mercurial thermometer had indicated 
the exact arithmetical mean, we could not 
from thence infer, with certainty, that the 
dilatations of this inftrument are propor= 
tional to the increments of heat; for that 
if unequal augmentations of capacity were 
produced in water by equal increments of 
heat, and if unequal contractions were pro- 
duced in mercury by equal diminutions of 
heat, thefe contrary irregularities might be 
conceived to be fo adjufted, as precifely to 
balance each other. It is proper to obferve 
that, in this cafe, the mercurial thermo- 
"meter would be an accurate meafure of the 
quantities of heat applied to water, but 
would not be an accurate meafure of the 

" quantities applied to itfelf. 
: In the calculations of the experiments 
which were made by mixing warmand cold 
water together, (fee p. 20) the capacity of 
the veflel was compared with that of the 
cold water, whereas it fhould have been 
compared with that of the mixture. If al. 


lowance 
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lowance be made for this error, it will ap- 
pear that the deviation of the mercurial 
thermometer from the arithmetical mean, in 
 thofe experiments, was a little lefs than I 
fuppofed it to have been. 

Thus it has been fappofed that the devia- 
tion, in Experiment III. p. 21, was .55. 
When the above-mentioned miftake is cor- 
rected, it will be found to have been only 
.25 of a degree. 

I am indeed convinced, by a careful re- 
petition of my experiments, that, in fuch 
trials, the temperature of the mixture, as 
indicated by the mercurial thermometer, 
corrected according to Mr. Cavendifh’s me- 
thod, correfponds very nearly with the 
arithmetical mean. 

It is obferved, in page 294, that heavy 
inflammable air confifts partly of light in- 


flammable air, and partly either of fixed air, 


or of a fubftance that may be confidered as 
its bafis. This conclufion was drawn from 
Dr. Prieftley’s experiments, which prove that 
a large quantity of fixed air is produced by 
the combuftion of dephlogifticated and heavy 
inflammable air; but that the weight of the 
fxedair, which is the refult of that procefs, 

is 
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is not altogether equal to the fum of the two 
airs ufed in the experiment. 

The reader will perceive that I had reafon 
to beconvinced, from fubfequent trials, that 
when heavy inflammable air is in its pureft 


_ ftate, it confifts entirely of a fubftance which 


forms the bafis of fixed air *. 

As it may perhaps be ufeful to the reader 
to have a general view of the refults of the 
experiments recited in the foregoing pages, 
have comprized them in the following 
table. | 
Table of the comparative heats of different 

bodies, as determined by the preceding 

experiments. 


Inflammable air == PEO cle a 
Dephlogifticated air — 4.74.90 

~ Atmofpherical air — 147900 
Aqueous vapour ae 1.5500 

_ Fixed air — oe 1.0454, 
Arterial blood ~— 1.0300 
Water — — 1.0000 
Frefh milk of a cow — 19999 
Venous blood —, 8928 
Phlogifticated air _— 67936 


Hide of an ox, with the hair + .7870 


* See page 344. | 
Kk Lungs 
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Lungs ofa theep 
Lean of 4 he beef of an ox 
Alcohol 
Rice 
Horfe beans 
Spermaceti oil me 
Duft of the pine tree 
Peas 
Wheat. 
Barley 
Oats 
Vitriolic acid 
Pit-coal 
Charcoal - 
Chalk 

-Ruft of iron : 
Wathed diaphoretic antimony - 
Calx of copper nearly freed from air 
Quicklime 
Cinders 
Athes of cinders 
Ruft of iron nearly freed from air 
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ly freed from air 
Athes of the elm tree i 


~Calx of zinc nearly freed from air 
Tron 
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7690 
74.00 
6021 
- 5060 
5020 

-5000 
5000 
-4920 
477° 


, 4210 


4.160 
+4290 
BTL. 
2634 
2564 
©2500 
(2272 
22072 
-2229 
Be ee ed 
1855 


1666 . 
Wathed diaphoretic antimony near= 


1666 


.1402 
.1309 


.1269 
Brafe . 
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Brafs | — 


= 1123 
Copper — ret -LIII 
White calx of tin nearly freed from 

air = — 10990 
Regulus of zinc — 0943 
Athes of charcoal — =n 10909 
Tin — — 00704 
Yellow calx of lead nearly freed 

from air — — 0680 

‘Regulus of antimony — 0645 
Lead ~— a 0352 
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